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DESCRIPTION 

/ 

GENETIC MARKER LINKED TO GENE LOCUS INVOLVED IN 
BARLEY RESISTANCE TO YELLOW MOSAIC DISEASE AND 

USE THEREOF 



TECHNICAL FIELD 

The present invention relates to novel genetic markers and 
use thereof. Particularly, the invention relates to genetic 
markers linked to gene loci involved in barley resistance to 
yellow mosaic disease, and use of such genetic markers. 

BACKGROUND ART 

Barley yellow mosaic disease is a soilborne viral disease 
caused by barley yellow mosaic virus (hereinafter, "BaYMV") or 
barley mild mosaic virus (hereinafter, "BaMMV"), with the 
involvement of the Phycomycete, Poly my xa graminis, acting as a 
carrier. When developed, it causes necrotic spots or yellowing 
on the leaves, in addition to other abnormalities such as a slow 
tillering rate or stunt growth, or even death. The seriousness of 
the disease is that once it occurs the soils stays contaminated 
even if the soil is rested for 4 to 5 years. The disease is 
particularly common in malting barley, and there have been 
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increasing numbers of cases not only in Japan but in China and 
Germany as well, where cultivation of malting barley has been 
carried out on a wide scale. As a preventative measure, 
resistance to yellow mosaic disease has been looked into with 
interest even in countries which have not seen the disease. 
Taken together, resistance to yellow mosaic disease has become 
a very important subject in breeding. 

Currently, cultivation of resistant varieties is considered 
to be the most effective way to eradicate the yellow mosaic 
disease. Cultivation in a contaminated field can produce 
varieties with strong resistance. Conventionally, breeding of 
crops relied on crossing a variety having a target trait with the 
wildtype or other varieties, followed by actually cultivating 
individuals in large numbers and screening for individuals with 
the target trait, and genetically fixing the target trait. This 
requires a large field and huge labor, not to mention it is time 
consuming. For example, consider the case where the target 
trait is the resistance to BaYMV. In this case, since inoculation 
of BaYMV is difficult, whether or not a resistant gene has been 
incorporated in the breeding line needs to be assessed in a soil 
that has been contaminated with BaYMV, and resistant 
individuals need to be screened for. This is time consuming and 
labor intensive. 

In order to reduce cultivation time, labor, and field area 
and for more reliable screening of useful genes, recent breeding 
methods employ screening that uses a genetic marker as an 
index. Breeding employing a genetic marker enables screening 
at the seeding stage, based on a genotype of the marker, and 
therefore it does not require cultivation in a 
BaYMV-contaminated soil. As a result, the presence or absence 
of the target trait can be confirmed with ease. That is, the 
genetic marker can be used to realize efficient breeding. For 
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breeding using genetic markers, development of genetic markers 
strongly linked to the target trait is necessary. 

Meanwhile, resistance to yellow mosaic disease and many 
other agriculturally important traits vary continuously in the 
derived lines of hybrids. Such traits can be measured 
quantitatively, for example, based on time and length, and are 
therefore known as quantitative traits. Generally, quantitative 
traits are not controlled by a single major gene, but are often 
determined by the action of more than one gene. Many of the 
traits that are modified in crop breeding, for example, such as 
yield, quality, and taste, are quantitative traits. 

Chromosomal locations of genes conferring such 
quantitative traits are known as QTL (quantitative trait loci). As 
a method of estimating QTL, a QTL analysis is used that makes 
use of a genetic marker residing in the vicinity of a QTL. The 
QTL analysis statistically analyzes which regions of 
chromosomes relate to the quantitative traits of interest, and 
DNA markers that reside near these chromosomal regions are 
detected. Based on the DNA markers, a genetic map (linkage 
map) is constructed. From the information of the genetic map, 
regions that influence the target trait are tracked down until a 
gene responsible for the trait is specified and isolated. Since the 
advent of DNA markers in the late 1980s, the study of linkage 
map has advanced greatly. Today, QTL analysis is performed in 
many organisms based on their genetic maps. 

As described above, development of genetic markers 
linked to a target trait is now possible with the accurate QTL 
analysis that is based on a detailed linkage map covering the 
entire chromosomes. The genetic markers can then be used to 
realize efficient breeding. Concerning resistance to yellow 
mosaic disease, the inventors of the present invention have 
previously found QTLs on the long arm of 3H chromosome, near 
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the centromere of 4H chromosome, and on the short arm of 7H 
chromosome in Chinese six-row barley, Mokusekko 3. (See 
Chikara Miyazaki, Eiichi Osanai, Kazutoshi Ito, Takeo Konishi, 
Kazuhiro Sato and Akira Saito. 2001. "Mapping of quantitative 
trait loci conferring resistance to barley yellow mosaic virus in a 
Chinese barley landrace Mokusekko 3." Breeding Science 51: 
171-177.) 

As described above, resistance to yellow mosaic disease 
has become a very important subject in breeding. However, 
owning to the fact that more than one gene is usually 
responsible for resistance to yellow mosaic disease, a crossing 
or other conventional methods are not sufficient to confirm 
whether a gene (gene locus) involved in barley resistance to 
yellow mosaic disease has been properly screened for. Under 
these circumstances, genetic markers would be very effective for 
the breeding of yellow mosaic disease-resistant barley. If genetic 
markers linked to gene loci involved in barley resistance to 
yellow mosaic disease were developed for use, it would be 
possible to greatly improve the efficiency of breeding yellow 
mosaic disease-resistant barley. 

The present invention was made in view of the foregoing 
problem, and an object of the present invention is to provide 
novel genetic markers that are linked to gene loci involved in 
barley resistance to yellow mosaic disease, and representative 
use of such genetic markers. 

DISCLOSURE OF INVENTION 

In order to achieve the foregoing object, the inventors of 
the present invention- designed primer sets based on inventors' 
barley EST sequences, and developed genetic markers (DNA 
markers) based on the presence or absence of polymorphism in 
the fragments of barley genomic DNA amplified with the primer 



So 

- 5 - 

sets. Further, the inventors produced a double haploid 
population (hereinafter, double haploid lines will be abbreviated 
to "DH", and a population of double haploid lines will be 
referred to as a "DHHS population") from the Fl hybrid of 
malting barley "Haruna Nijo" and "wildtype barley "H602", and 
constructed a linkage map of the DHHS population by detecting 
linkage between the genetic markers, and performed a QTL 
analysis for the gene loci involved in barley resistance to yellow 
mosaic disease, based on the linkage map. As a result, a gene 
locus involved in barley resistance to yellow mosaic disease was 
found on 1H chromosome and 3H chromosome. Upon further 
analysis, the inventors found novel genetic markers that 
respectively linked to the gene loci involved in barley resistance 
to yellow mosaic disease. 

The inventors continued the QTL analysis further using 
barley varieties with significantly different levels of resistance to 
yellow mosaic disease. Specifically, the following populations 
were used for the QTL analysis: RI line obtained from the cross 
between Russia 6 (two-row, resistant) and H.E.S. 4 (six-row, 
susceptible) ("RIl population* hereinafter); RI line obtained from 
the cross between Harbin 2-row (resistant) and Turkey 6 
(susceptible) ("RI2 population" hereinafter); and DHHS 
population obtained from the cross between Haruna Nijo 
(resistant) and H602 (susceptible). As a result, two QTLs were 
found on 4H chromosome in RI1 population, one on 2H, 3H, 
and 5H chromosomes in RI2 population, and one on 1H 
chromosome in DHHS population. Genetic markers linked to 
these QTLs were also found. 

The present invention was made based on these new 
findings. Specifically, the present invention provides: 

A genetic marker that resides in 1H chromosome of barley 
and is linked to a gene locus involved in barley resistance to 
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yellow mosaic disease, wherein the genetic marker is amplified 
with a first primer set that comprises a primer having the base 
sequence of SEQ ID NO: 1 and a primer having the base 
sequence of SEQ ID NO: 2; 

A genetic marker that resides in 1H chromosome of barley 
and is linked to a gene locus involved in barley resistance to 
yellow mosaic disease, wherein the genetic marker is amplified 
with a second primer set that comprises a primer having the 
base sequence of SEQ ID NO: 3 and a primer having the base 
sequence of SEQ ID NO: 4; 

A genetic marker that resides in 1H chromosome of barley 
and is linked to a gene locus involved in barley resistance to 
yellow mosaic disease, wherein the genetic marker is amplified 
with a fifth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 19 and a primer having the base 
sequence of SEQ ID NO: 20; 

A genetic marker that resides in 1H chromosome of barley 
and is linked to a gene locus involved in barley resistance to 
yellow mosaic disease, wherein the genetic marker is amplified 
with a sixth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 21 and a primer having the base 
sequence of SEQ ID NO: 22; 

A genetic marker that resides in 1H chromosome of barley 
and is linked to a gene locus involved in barley resistance to 
yellow mosaic disease, wherein the genetic marker is amplified 
with a seventh primer set that comprises a primer having the 
base sequence of SEQ ID NO: 23 and a primer having the base 
sequence of SEQ ID NO: 24; 

A genetic marker that resides in 2H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 



restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with an eighth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 25 and a primer having the base sequence of SEQ 
ID NO: 26; 

A genetic marker that resides in 2H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified a ninth primer set that 
comprises a primer having the base sequence of SEQ ID NO: 27 
and a primer having the base sequence of SEQ ID NO: 28; 

A genetic marker that resides in 3H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified a third primer set that 
comprises a primer having the base sequence of SEQ ID NO: 5 
and a primer having the base sequence of SEQ ID NO: 6; 

A genetic marker that resides in 3H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified a fourth primer set that 
comprises a primer having the base sequence of SEQ ID NO: 7 
and a primer having the base sequence of SEQ ID NO: 8; 

A genetic marker that resides in 3H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
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pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a tenth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 29 and a primer having the base sequence of SEQ 
ID NO: 30; 

A genetic marker that resides in 3H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with an eleventh 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 31 and a primer having the base sequence of SEQ 
ID NO: 32; 

A genetic marker that resides in 3H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified a twelfth primer set 
that comprises a primer having the base sequence of SEQ ID 
NO: 33 and a primer having the base sequence of SEQ ID NO: 
34; 

A genetic marker that resides in 4H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
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the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a thirteenth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 35 and a primer having the base sequence of SEQ 
ID NO: 36; 

A genetic marker that resides in 4H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a fourteenth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 37 and a primer having the base sequence of SEQ 
ID NO: 38; 

A genetic marker that resides in 4H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
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EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a fifteenth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 39 and a primer having the base sequence of SEQ 
ID NO: 40; 

A genetic marker that resides in 4H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre -amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a sixteenth 
primer set that comprises a primer having the base sequence of 
SEQ ID NO: 41 and a primer having the base sequence of SEQ 
ID NO: 42; 

A genetic marker that resides in 5H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with a 
seventeenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 43 and a primer having the base 



sequence of SEQ ID NO: 44; 

A genetic marker that resides in 5H chromosome of barley 
and is linked to barley resistance to yellow mosaic disease, 
wherein the genetic marker is amplified by: ligating a DNA 
fragment, obtained by digesting genomic DNA of barley with 
restriction enzymes Msel and EcoRI, to an Msel adapter having 
the base sequences of SEQ ID NO: 47 and 48, and an EcoRI 
adapter having the base sequences of SEQ ID NO: 49 and 50; 
pre-amplifying the ligated DNA fragment with an Msel universal 
primer having the base sequence of SEQ ID NO: 51, and an 
EcoRI universal primer having the base sequence of SEQ ID NO: 
52; and amplifying the pre-amplified fragment with an 
eighteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 45 and a primer having the base 
sequence of SEQ ID NO: 46. 

A method for isolating a DNA fragment that includes a 
gene locus involved in barley resistance to yellow mosaic 
disease, using any of the foregoing genetic markers; 

A method for producing a yellow mosaic disease-resistant 
barley, which comprises introducing a DNA fragment, isolated 
by the isolation method of the present invention and including a 
gene locus involved in barley resistance to yellow mosaic 
disease, into genomic DNA of barley; 

A yellow mosaic disease-resistant barley produced by the 
producing method of the present invention; 

A method for screening for a yellow mosaic 
disease-resistant barley, using any of the foregoing genetic 
markers as an index. 

In another aspect, a genetic marker according to the 
present invention resides in the genomic DNA of barley and is 
linked to a gene locus involved in barley resistance to yellow 
mosaic disease, wherein the genetic marker is located within 0 
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to 18 centiMorgan of the gene locus involved in yellow mosaic 
disease. The genetic marker is strongly linked to the gene locus 
involved in barley resistance to yellow mosaic disease, and 
therefore the probability of recombination occurring between 
the gene locus of the genetic marker and the gene locus 
involved in barley resistance to yellow mosaic disease is small. 
The genetic marker can therefore be used to obtain a DNA 
fragment that includes a gene locus involved in barley 
resistance to yellow mosaic disease, for example. The genetic 
marker can also be used for the production or selection of 
yellow mosaic disease-resistant barley. 

Further, a genetic marker according to the present 
invention resides in the genomic DNA of barley and is linked to 
a gene locus involved in barley resistance to yellow mosaic 
disease, wherein the genetic marker is located within 0 to 14 
centiMorgan of the gene locus involved in yellow mosaic disease. 
The genetic marker is strongly linked to the gene locus involved 
in barley resistance to yellow mosaic disease, and therefore the 
probability of recombination occurring between the gene locus 
of the genetic marker and the gene locus involved in barley 
resistance to yellow mosaic disease is small. The genetic marker 
can therefore be used to obtain a DNA fragment that includes a 
gene locus involved in barley resistance to yellow mosaic 
disease, for example. The genetic marker can also be used for 
the production or selection of yellow mosaic disease-resistant 
barley. 

Further, in a genetic marker according to the present 
invention, the genomic DNA comprises 1H chromosome. The 
genetic marker can therefore be used to obtain a DNA fragment 
that includes a 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic marker can 
also be used for the production or selection of yellow mosaic 
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disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a first primer set that comprises a 
primer having the base sequence of SEQ ID NO: 1 and a primer 
having the base sequence of SEQ ID NO: 2. Performing PCR or 
other amplification reactions with the first primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a second primer set that comprises a 
primer having the base sequence of SEQ ID NO: 3 and a primer 
having the base sequence of SEQ ID NO: 4. Performing PCR or 
other amplification reactions with the first primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a fifth primer set that comprises a 
primer having the base sequence of SEQ ID NO: 19 and a 
primer having the base sequence of SEQ ID NO: 20. Performing 
PCR or other amplification reactions with the first primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a sixth primer set that comprises a 
primer having the base sequence of SEQ ID NO: 21 and a 
primer having the base sequence of SEQ ID NO: 22. Performing 
PCR or other amplification reactions with the first primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
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disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a seventh primer set that comprises 
a primer having the base sequence of SEQ ID NO: 23 and a 
primer having the base sequence of SEQ ID NO: 24. Performing 
PCR or other amplification reactions with the first primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, in a genetic marker according to the present 
invention, the genomic DNA comprises 2H chromosome. The 
genetic marker can therefore be used to obtain a DNA fragment 
that includes a 2H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic marker can 
also be used for the production or selection of yellow mosaic 
disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with an 
eighth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 25 and a primer having the base 
sequence of SEQ ID NO: 26. Performing PCR or other 
amplification reactions with the eighth primer set conveniently 
allows for amplification and detection of the genetic marker, 
and thereby easily screen for yellow mosaic disease-resistant 
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barley. 

Further, a genetic marker according to the present 
invention is amplified with a ninth primer set that comprises a 
primer having the base sequence of SEQ ID NO: 27 and a 
primer having the base sequence of SEQ ID NO: 28. Performing 
PCR or other amplification reactions with the ninth primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, in a genetic marker according to the present 
invention, the genomic DNA comprises 3H chromosome. The 
genetic marker can therefore be used to obtain a DNA fragment 
that includes a 3H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic marker can 
also be used for the production or selection of yellow mosaic 
disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a third primer set that comprises a 
primer having the base sequence of SEQ ID NO: 5 and a primer 
having the base sequence of SEQ ID NO: 6. Performing PCR or 
other amplification reactions with the third primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a fourth primer set that comprises a 
primer having the base sequence of SEQ ID NO: 7 and a primer 
having the base sequence of SEQ ID NO: 8. Performing PCR or 
other amplification reactions with the ninth primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 
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In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
tenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 29 and a primer having the base 
sequence of SEQ ID NO: 30. 

Performing PCR or other amplification reactions with the 
tenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with an 
eleventh primer set that comprises a primer having the base 
sequence of SEQ ID NO: 31 and a primer having the base 
sequence of SEQ ID NO: 32. 

Performing PCR or other amplification reactions with the 
eleventh primer set conveniently allows for amplification and 
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detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

Further, a genetic marker according to the present 
invention is amplified with a twelfth primer set that comprises a 
primer having the base sequence of SEQ ID NO: 33 and a 
primer having the base sequence of SEQ ID NO: 34. Performing 
PCR or other amplification reactions with the twelfth primer set 
conveniently allows for amplification and detection of the 
genetic marker, and thereby easily screen for yellow mosaic 
disease-resistant barley. 

Further, in a genetic marker according to the present 
invention, the genomic DNA comprises 4H chromosome. The 
genetic marker can therefore be used to obtain a DNA fragment 
that includes a 4H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic marker can 
also be used for the production or selection of yellow mosaic 
disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
thirteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 35 and a primer having the base 
sequence of SEQ ID NO: 36. 

Performing PCR or other amplification reactions with the 
thirteenth primer set conveniently allows for amplification and 
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detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
fourteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 37 and a primer having the base 
sequence of SEQ ID NO: 38. 

Performing PCR or other amplification reactions with the 
fourteenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
fifteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 39 and a primer having the base 
sequence of SEQ ID NO: 40. 



_ 19 - 

Performing PCR or other amplification reactions with the 
fifteenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: -ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
sixteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 41 and a primer having the base 
sequence of SEQ ID NO: 42. 

Performing PCR or other amplification reactions with the 
sixteenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

Further, in a genetic marker according to the present 
invention, the genomic DNA comprises 5H chromosome. The 
genetic marker can therefore be used to obtain a DNA fragment 
that includes a 5H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic marker can 
also be used for the production or selection of yellow mosaic 
disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
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having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with a 
seventeenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 43 and a primer having the base 
sequence of SEQ ID NO: 44. 

Performing PCR or other amplification reactions with the 
seventeenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

In order to achieve the foregoing object, a genetic marker 
according to the present invention is amplified by: ligating a 
DNA fragment, obtained by digesting genomic DNA of barley 
with restriction enzymes Msel and EcoRI, to an Msel adapter 
having the base sequences of SEQ ID NO: 47 and 48, and an 
EcoRI adapter having the base sequences of SEQ ID NO: 49 and 
50; pre-amplifying the ligated DNA fragment with an Msel 
universal primer having the base sequence of SEQ ID NO: 51, 
and an EcoRI universal primer having the base sequence of SEQ 
ID NO: 52; and amplifying the pre-amplified fragment with an 
eighteenth primer set that comprises a primer having the base 
sequence of SEQ ID NO: 45 and a primer having the base 
sequence of SEQ ID NO: 46. 

Performing PCR or other amplification reactions with the 
eighteenth primer set conveniently allows for amplification and 
detection of the genetic marker, and thereby easily screen for 
yellow mosaic disease-resistant barley. 

An isolation method of a DNA fragment according to the 
present invention is a method for isolating a DNA fragment that 
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includes a gene locus involved in barley resistance to yellow 
mosaic disease, using a genetic marker of the present invention. 
A genetic marker according to the present invention is strongly 
linked to a gene locus involved in barley resistance to yellow 
mosaic disease. Thus, cloning DNA fragments with the genetic 
marker used as a target conveniently allows for isolation of a 
DNA fragment that includes a gene locus involved in barley 
resistance to yellow mosaic disease. 

A producing method of a yellow mosaic disease-resistant 
barley according to the present invention is a method for 
introducing a DNA fragment, isolated by the isolation method of 
the present invention and including a gene locus involved in 
barley resistance to yellow mosaic disease, into genomic DNA of 
barley. The producing method of the present invention can 
therefore be used to produce a yellow mosaic disease-resistant 
barley. 

A yellow mosaic disease-resistant barley according to the 
present invention is produced by the producing method of a 
yellow mosaic disease-resistant barley according to the present 
invention. In the yellow mosaic disease-resistant barley 
according to the present invention, it is ensured that 
individuals that are resistant to yellow mosaic disease are 
screened for both conveniently and reliably. This prevents the 
reduction in barley yield caused by yellow mosaic disease. 

A screening method of a yellow mosaic disease-resistant 
barley according to the present invention is a method for 
screening for a yellow mosaic disease-resistant barley, using a 
genetic marker of the present invention as an index. The genetic 
marker is strongly linked to the gene locus involved in barley 
resistance to yellow mosaic disease, and therefore the 
probability of recombination occurring between the gene locus 
of the genetic marker and the gene locus involved in barley 
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resistance to yellow mosaic disease is very small. Thus, by 
detecting the genetic marker, the genotype of a tested barley 
can easily be found with regard to the gene locus involved in 
barley resistance to yellow mosaic disease, with the result that 
individuals of interest are easily screened for. 

A genetic marker according to the present invention is 
linked to a gene locus involved in barley resistance to yellow 
mosaic disease. The genetic marker can therefore be used as an 
index to breed barley with yellow mosaic disease-resistance. In 
other words, the genetic marker allows for efficient breeding of 
yellow mosaic disease-resistant barley. More specifically, since 
the target individuals can be screened for at the seeding stage, 
there is no need to cultivate barley in a soil that has actually 
been infected with yellow mosaic virus and then screen for 
target individuals by inspecting each individual in regard to the 
yellow mosaic disease-resistance. This reduces the breeding 
time. Further, since multiple gene loci can be screened for 

simultaneously, the genotype can be found more reliably as 
compared with the screening that relies on inspection. Another 
advantage is that the labor and cultivation area can be reduced. 

Further, since the yellow mosaic disease-resistant barley 
that was selected with the use of the genetic marker as an index 
can be cultivated in a soil that is contaminated by yellow 
mosaic virus, a stable yield can be ensured. 

For a fuller understanding of the nature and advantages 
of the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a view showing a base sequence of barley EST 
clone, baakljl4, and locations of primer sequences designed 
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based on the base sequence of baakljl4. 

Figure 2 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k00256. 

Figure 3 is a view showing a base sequence of barley EST 
clone, bags32ml6, and locations of primer sequences designed 
based on the base sequence of bags32ml6. 

Figure 4 is an electrophoretic image showing fragment 
length polymorphism of H602 and Haruna Nijo in relation to 
genetic marker k02948, in connection with Example 13. 

Figure 5 is a view showing a base sequence of barley EST 
clone, bah41103, and locations of primer sequences designed 
based on the base sequence of bah41103. 

Figure 6 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k04143. 

Figure 7 is a view showing a base sequence of barley EST 
clone, baakl4i02, and locations of primer sequences designed 
based on the base sequence of baakl4i02. 

Figure 8 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k00169. 

Figure 9 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k03616. 

Figure 10 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k02325. 

Figure 1 1 is a view showing SNP-containing portions of 
base sequences of H602 and Haruna Nijo in relation to genetic 
marker k07966. 

Figure 12 is an electrophoretic image showing the result 
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of polymorphism detection that was performed on genetic 
marker FEggaMtggl 16 in Example 2. 

Figure 13 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker FEgggMcaa585 in Example 3. 

Figure 14 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker MEcatMagc467 in Example 4. 

Figure 15 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker MEataMatg396 in Example 5. 

Figure 16 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker MMattEacgl62 in Example 6. 

Figure 17 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker FMataEgga33 1 in Example 7. 

Figure 18 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker FMacgEgat88 in Example 8. 

Figure 19 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker MMacgEgga74 in Example 9. 

Figure 20 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker FMaccEacg402 in Example 10. 

Figure 21 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker HVM36 in Example 11. 

Figure 22 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k00256 in Example 12. 



Figure 23 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k03861 in Example 14. 

Figure 24 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k03616 in Example 15. 

Figure 25 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k02325 in Example 16. 

Figure 26 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k00169 in Example 17. 

Figure 27 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k07966 in Example 18. 

Figure 28 is an electrophoretic image showing the result 
of polymorphism detection that was performed on genetic 
marker k04143 in Example 19. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following will describe one embodiment of the present 
invention. It should be appreciated that the present invention is 
not limited in any way by the following description. 

The present invention relates to genetic markers linked to 
gene loci involved in barley resistance to yellow mosaic disease, 
and exemplary use thereof. In the following, description is made 
as to genetic markers of the invention, and exemplary use 
thereof. 

(1) Genetic Markers according to the Present Invention 

Genetic markers according to the present invention may 
be any genetic markers that reside in the genomic DNA of barley 
and are linked to gene loci involved in resistance to yellow 
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mosaic disease. 

As mentioned above, barley yellow mosaic disease is a 
soilborne viral disease caused by BaYMV or BaMMV, with the 
involvement of the Phycomycete, Polymyxa graminis, acting as a 
carrier. When developed, it causes necrotic spots or yellowing 
on the leaves, in addition to other abnormalities such as a slow 
tillering rate or stunt growth, or even death. The seriousness of 
the disease is that once it occurs the soils stays contaminated 
even if the soil is rested for 4 to 5 years. Today, resistance to 
yellow mosaic disease has become a very important subject in 
breeding. 

Barley resistance to yellow mosaic disease is determined 
by both quantitative traits and qualitative traits, and more than 
one gene locus is responsible for determining the resistance. 
Chromosomal locations of gene loci involved in quantitative 
traits can be estimated by a QTL analysis. The inventors of the 
present invention have previously developed barley genetic 
markers linked to gene loci involved in barley resistance to 
yellow mosaic disease. The following specifically describes such 
genetic markers. It should be noted here that genetic markers 
according to the present invention are not limited to those 
described below. 

The inventors of the present invention constructed a 
high-density linkage map using a DHHS population obtained 
from the cross (Fl) between malting barley "Haruna Nijo" and 
wildtype barley "H602." Specifically, genomic DNA of barley was 
amplified with primer sets that had been designed based on the 
barley EST (expressed sequence tag) sequences owned by the 
inventors, and the amplified fragments that had polymorphism 
in the fragment length or digestion patterns of restriction 
enzyme were specified between Haruna Nijo and H602. As a 
result, a linkage map was constructed that had about 490 gene 



loci with these DNA markers. Based on the linkage map and the 
data concerning yellow mosaic disease resistance of 93 
individuals of the DHHS population observed by the inventors, a 
QTL analysis was performed for gene loci involved in barley 
resistance to yellow mosaic disease. As a result, a gene locus 
involved in barley resistance to yellow mosaic disease was found 
on 1H chromosome and 3H chromosome. Genetic markers 
according to the present invention include the closest two 
genetic markers flanking the 1H chromosome gene locus 
involved in barley resistance to yellow mosaic disease, and the 
closest two genetic markers flanking the 3H chromosome gene 
locus involved in barley resistance to yellow mosaic disease. By 
the inventors, the genetic markers linked to the 1H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease were named a k00256 w and "k02948," and the genetic 
markers linked to the 3H chromosome gene locus involved in 
barley resistance to yellow mosaic disease a k04143" and 
"k00169." 

The genetic marker k00256 is a DNA marker that is 
amplified with the genomic DNA of barley as a template, using a 
first primer set that includes: 

a primer of the base sequence CTTGGCCTTGATCTTCTGCT 
(SEQ ID NO: 1); and 

a primer of the base sequence 

GACCGTGTCAGGAAAGCAAT (SEQ ID NO: 2). 

The DNA marker k00256 is located on the short-arm side 
of 1H chromosome about 7.8 centiMorgan (hereinafter "cM") 
from the gene locus involved in barley resistance to yellow 
mosaic disease. The primer sequences are based on one of the 
barley EST sequences (EST clone: baakljl4, SEQ ID NO: 15) 
independently developed by the inventors. Figure 1 shows the 
EST base sequence. The complementary sequences of the 
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primer sequences (SEQ ID NO: 1) (SEQ ID NO: 2) are indicated 
by underline. Haruna Nijo and H602 have SNP (single 
nucleotide polymorphism) in the amplification products. Figure 
2 shows SNP-containing portions of the base sequences of the 
amplification products of Haruna Nijo and H602. The base 
sequence (SEQ ID NO: 9) of the resistant strain (H602) is shown 
on the top, and the base sequence (SEQ ID NO: 10) of the 
susceptible strain (Haruna Nijo) is shown on the bottom. SNP is 
indicated by square. The recognition sequence (CTGCAG) of 
restriction enzyme PstI is indicated by underline. As can be 
seen in Figure 2, while the amplification product of the 
resistant strain (H602) is excised by PstI due to the presence of 
the recognition sequence (CTGCAG) of restriction enzyme PstI, 
the restriction enzyme PstI does not cut the amplification 
product of the susceptible strain (Haruna Nijo) because the 
recognition sequence has been changed to CTGCAA by the G-A 
mutation. That is, the genetic marker k00256 is a CAPS 
(cleaved amplified polymorphic sequence) marker, which, by the 
amplification with the first primer set and the excision by 
restriction enzyme PstI, can determine the genotype of an 
individual of interest, whether it is resistant or susceptible, in 
regard to the allele located on the 1H chromosome gene locus 
involved in barley resistance to yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of H602, which 
is a barley variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic marker, Haruna Nijo is the 
susceptible strain, and H602 is the resistant strain. 

The genetic marker k02948 is a DNA marker that is 
amplified with the genomic DNA of barley as a template, using a 
second primer set that includes: 

a primer of the base sequence 



TCTTTCCTGGGTTGGTGAAC (SEQ ID NO: 3); and 

a primer of the base sequence 

GCAGCTTTTGAGTTCGTTCC (SEQ ID NO: 4). 

The DNA marker k02948 is located on the long-arm side 
of 1H chromosome about 0.0 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The primer 
sequences are based on one of the barley EST sequences (EST 
clone: bags32ml6, SEQ ID NO: 16) independently developed by 
the inventors. Figure 3 shows the EST base sequence. The 
complementary sequences of the primer sequences (SEQ ID NO: 
3) (SEQ ID NO: 4) are indicated by underline.. Haruna Nijo and 
H602 have fragment length polymorphism in the amplification 
products. The size of amplified fragment obtained by using the 
genomic DNA of the susceptible strain (Haruna Nijo) as a 
template is about 389 bp, and the size of amplified fragment 
obtained by using the genomic DNA of the resistant strain 
(H602) as a template is about 358 bp. Figure 4 shows an 
electrpphoretic image of fragments amplified by PCR using the 
second primer set. In the upper and lower parts of Figure 4, the 
both ends are molecular weight markers. The upper part of 
Figure 4 shows amplified fragments of the susceptible strain 
(Haruna Nijo), the resistant strain (H602), the Fl cross between 
Haruna Nijo and H602, and the DHHS population (1-45), in this 
order from the left (excluding the molecular weight marker). The 
lower part of Figure 4 shows amplified fragments of the DHHS 
population (46-93), in this order from the left (excluding the 
molecular weight marker). As can be seen in Figure 4, by 
checking the size of amplified fragments, the genotype of an 
individual of interest can be determined, whether it is 
susceptible (Haruna Nijo) or resistant (H602), in regard to the 
allele located on the 1H chromosome gene locus involved in 
barley resistance to yellow mosaic disease. 



Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of H602, which 
is a barley variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic marker, Haruna Nijo is the 
susceptible strain, and H602 is the resistant strain. 

The genetic marker k04143 is a DNA marker that is 
amplified with the genomic DNA of barley as a template, using a 
third primer set that includes: 

a primer of the base sequence 

CTGTTTGGATGACTGCGAGA (SEQ ID NO: 5); and 

a primer of the base sequence 

ATTACGCAACCTGATGGAGC (SEQ ID NO: 6). 

The DNA marker k04143 is located on the short-arm side 
of 3H chromosome about 0.0 cM to 13.1 cM from the gene locus 
involved in barley resistance to yellow mosaic disease. The 
primer sequences are based on one of the barley EST sequences 
(EST clone: bah41103, SEQ ID NO: 17) independently developed 
by the inventors. Figure 5 shows the EST base sequence. The 
complementary sequences of the primer sequences (SEQ ID NO: 
5) (SEQ ID NO: 6) are indicated by underline. Haruna Nijo and 
H602 have SNP in the amplification products. Figure 6 shows 
SNP-containing portions of the base sequences of the 
amplification products of Haruna Nijo and H602. The base 
sequence (SEQ ID NO: 11) of the susceptible strain (H602) is 
shown on the top, and the base sequence (SEQ ID NO: 12) of 
the resistant strain (Haruna Nijo) is shown on the bottom. SNP 
is indicated by square. The recognition sequence (GTGCAC) of 
restriction enzyme ApaLI is indicated by underline. As can be 
seen in Figure 6, while the amplification product of the 
susceptible strain (H602) is excised by ApaLI due to the 
presence of the recognition sequence (GTGCAC) of restriction 
enzyme ApaLI, the restriction enzyme ApaLI does not cut the 



amplification product of the resistant strain (Haruna Nijo) 
because the recognition sequence has been changed to ATGCAC 
by the G-A mutation. That is, the genetic marker k04143 is a 
CAPS marker, which, by the amplification with the third primer 
set and the excision by restriction enzyme ApaLI, can determine 
the genotype of an individual of interest, whether it is resistant 
(Haruna Nijo) or susceptible (H602), in regard to the allele 
located on the 3H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

The genetic marker k00169 is a DNA marker that is 
amplified with the genomic DNA of barley as a template, using a 
fourth primer set that includes: 

a primer of the base sequence 

ACCCCGGAAGCTAAGATGAT (SEQ ID NO: 7); and 

a primer of the base sequence 

AGTCGGAACATGCGGTACAC (SEQ ID NO: 8). 

The DNA marker k00169 is located on the long- arm side 
of 3H chromosome about 0.0 cM to 13.4 cM from the gene locus 
involved in barley resistance to yellow mosaic disease. The 
primer sequences are based on one of the barley EST sequences 
(EST clone: baakl4i02, SEQ ID NO: 18) independently 
developed by the inventors. Figure 7 shows the EST base 
sequence. The complementary sequences of the primer 
sequences (SEQ ID NO: 7) (SEQ ID NO: 8) are indicated by 
underline. Haruna Nijo and H602 have SNP in the amplification 
products. Figure 8 shows SNP-containing portions of the base 
sequences of the amplification products of Haruna Nijo and 
H602. The base sequence (SEQ ID NO: 13) of the susceptible 
strain (H602) is shown on the top, and the base sequence (SEQ 
ID NO: 14) of the resistant strain (Haruna Nijo) is shown on the 
bottom. SNP is indicated by square. The recognition sequence 
(AGCT) of restriction enzyme Alul is indicated by underline. As 
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can be seen in Figure 8, while the amplification product of the 
susceptible strain (H602) is excised by Alul due to the presence 
of the recognition sequence (AGCT) of restriction enzyme Alul, 
the restriction enzyme Alul does not cut the amplification 
product of the resistant strain (Haruna Nijo) because the 
recognition sequence has been changed to AGCC by the T-C 
mutation. That is, the genetic marker k00169 is a CAPS marker, 
which, by the amplification with the fourth primer set and the 
excision by restriction enzyme Alul, can determine the genotype 
of an individual of interest, whether it is resistant (Haruna Nijo) 
or susceptible (H602), in regard to the allele located on the 3H 
chromosome gene locus involved in barley resistance to yellow 
mosaic disease. 

Further, the inventors performed a QTL analysis on barley 
resistance to yellow mosaic disease, using RI line (RI1 
population) obtained from the cross between Russia 6 (two-row, 
resistant) and H.E.S. 4 (six-row, susceptible); RI line (RI2 
population) obtained from the cross between Harbin 2 -row 
(resistant) and Turkey 6 (susceptible); and RI line (DHHS 
population) obtained from the cross between Haruna Nijo 
(resistant) and H602 (susceptible). 

By the QTL analysis, QTLs were found in the following 
quantities: two on 4H chromosome in RI1 population; one each 
on 2H, 3H, and 5H chromosomes in RI2 population; and one on 
1H chromosome in DHHS population. The QTL analysis also 
found novel genetic markers linked to these QTLs. 

From the RI1 population, genetic markers FEggaMtggl 16, 
FEgggMcaa585, MEcatMagc467, and MEataMatg396 were 
detected as novel genetic markers linked to the 4H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease, for example. 

The genetic marker FEggaMtggl 16 is detected by so-called 
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AFLP (Amplified Fragment Length Polymorphism). For the 
detection, FEggaMtggl 16 is amplified according to the following 
procedure. First, DNA fragments obtained by digesting the 
genomic DNA of barley with restriction enzymes Msel and EcoRI 
are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence G ACTGC GTAC C AATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
thirteenth primer set that includes a primer having the base 
sequence GATGAGTCCTGAGTAATGG (SEQ ID NO: 35) and a 
primer having the base sequence GACTGCGTACC AATTC GGA 
(SEQ ID NO: 36). 

The genetic marker FEggaMtggl 16 is located on the short 
arm side (closer to the 5' end) of 4H chromosome about 4.0 cM 
from the gene locus involved in barley resistance to yellow 
mosaic disease. 

Note that, the AFLP and the procedure of detecting AFLP 
are not particularly limited. For example, the method, or a 
modification thereof, described in the following publication can 
be used. Pieter Vos, Rene Hogers, Marjo Bleeker, Martin Reijans, 
Theo van de Lee, Miranda Homes, Adrie Frijters, Jerina Pot, 
Johan Peleman, Martin Kuiper and Marc Zabeau. (1995) AFLP: 
a new technique for DNA fingerprinting. Nucleic Acids Research. 
23:21:4407-4414. Further, PCR or other amplification reactions 
may be performed under ordinary conditions, or by setting 
suitable conditions. 
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The amplified fragments obtained with the thirteenth 
primer set include those from the resistant strain (Russia 6) 
and those from the susceptible strain (H.E.S. 4). The length of 
amplified fragment was 0 bp for the resistant strain (Russia 6), 
and about 116 bp for the susceptible strain (H.E.S. 4). In other 
words, the resistant strain (Russia 6) does not yield the 
amplified fragment of about 116 bp, and it is only obtained in 
the susceptible strain (H.E.S. 4). Thus, if the fragment length of 
the amplified fragments obtained by the AFLP detecting 
procedure were checked by a conventional method such as 
electrophoresis, it would be possible to determine the genotype 
of a barley individual of interest, whether it is resistant or 
susceptible, in regard to the allele of the 4H chromosome gene 
locus involved in barley resistance to yellow mosaic disease. 

The genetic marker FEgggMcaa585 is detected by 
so-called AFLP (Amplified Fragment Length Polymorphism). For 
the detection, FEgggMcaa585 is amplified according to the 
following procedure. First, DNA fragments obtained by digesting 
the genomic DNA of barley with restriction enzymes Msel and 
EcoRI are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
fourteenth primer set that includes a primer having the base 
sequence G ATG A GTC CTG A GT AA C A A (SEQ ID NO: 37) and a 
primer having the base sequence GACTGCGTACCAATTCGGG 



- 35 - 

(SEQ ID NO: 38). 

The genetic marker FEgggMcaa585 is located on the long 
arm side (closer to the 3' end) of 4H chromosome about 13.9 cM 
from the gene locus involved in barley resistance to yellow 
mosaic disease. 

The amplified fragments obtained with the fourteenth 
primer set include those from the resistant strain (Russia 6) 
and those from the susceptible strain (H.E.S. 4). The length of 
amplified fragment was 0 bp for the resistant strain (Russia 6), 
and about 585 bp for the susceptible strain (H.E.S. 4). In other 
words, the resistant strain (Russia 6) does not yield the 
amplified fragment of about 585 bp, and it is only obtained in 
the susceptible strain (H.E.S. 4). Thus, if the fragment length of 
the amplified fragments obtained by the AFLP detecting 
procedure were checked by a conventional method such as 
electrophoresis, it would be possible to determine the genotype 
of a barley individual of interest, whether it is resistant or 
susceptible, in regard to the allele of the 4H chromosome gene 
locus involved in barley resistance to yellow mosaic disease. 

The genetic marker MEcatMagc467 is detected by 
so-called AFLP (Amplified Fragment Length Polymorphism). For 
the detection, MEcatMagc467 is amplified according to the 
following procedure. First, DNA fragments obtained by digesting 
the genomic DNA of barley with restriction enzymes Msel and 
EcoRI are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
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primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
fifteenth primer set that includes a primer having the base 
sequence G ATG AGTC CTG AGTAAAC G (SEQ ID NO: 39) and a 
primer having the base sequence GACTGCGTACCAATTCCAT 
(SEQ ID NO: 40). 

The genetic marker MEcatMagc467 is located on the short 
arm side (closer to the 5' end) of 4H chromosome about 7.4 cM 
from the gene locus involved in barley resistance to yellow 
mosaic disease. 

The amplified fragments obtained with the fifteenth primer 
set include those from the resistant strain (Russia 6) and those 
from the susceptible strain (H.E.S. 4). The length of amplified 
fragment was 467 bp for the resistant strain (Russia 6), and 
about 0 bp for the susceptible strain (H.E.S. 4). In other words, 
the susceptible strain (H.E.S. 4) does not yield the amplified 
fragment of about 467 bp, and it is only obtained in the 
resistant strain (Russia 6). Thus, if the fragment length of the 
amplified fragments obtained by the AFLP detecting procedure 
were checked by a conventional method such as electrophoresis, 
it would be possible to determine the genotype of a barley 
individual of interest, whether it is resistant or susceptible, in 
regard to the allele of the 4H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

The genetic marker MEataMatg396 is detected by 
so-called AFLP (Amplified Fragment Length Polymorphism). For 
the detection, MEataMatg396 is amplified according to the 
following procedure. First, DNA fragments obtained by digesting 
the genomic DNA of barley with restriction enzymes Msel and 
EcoRI are ligated to Msel adapter having the base sequences 
G A C G ATG AGTC CTG AG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 



- 37 - 

the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
sixteenth primer set that includes a primer having the base 
sequence GATGAGTCCTGAGTAAATG (SEQ ID NO: 41) and a 
primer having the base sequence GACTGCGTACCAATTCATA 
(SEQ ID NO: 42). 

The genetic marker MEataMatg396 is located on the long 
arm side (closer to the 3' end) of 4H chromosome about 0.6 cM 
from the gene locus involved in barley resistance to yellow 
mosaic disease. 

The amplified fragments obtained with the sixteenth 
primer set include those from the resistant strain (Russia 6) 
and those from the susceptible strain (H.E.S. 4). The length of 
amplified fragment was 396 bp for the resistant strain (Russia 
6), and about 0 bp for the susceptible strain (H.E.S. 4). In other 
words, the susceptible strain (H.E.S. 4) does not yield the 
amplified fragment of about 396 bp, and it is only obtained in 
the resistant strain (Russia 6). Thus, if the fragment length of 
the amplified fragments obtained by the AFLP detecting 
procedure were checked by a conventional method such as 
electrophoresis, it would be possible to determine the genotype 
of a barley individual of interest, whether it is resistant or 
susceptible, in regard to the allele of the 4H chromosome gene 
locus involved in barley resistance to yellow mosaic disease. 

From the RI2 population, genetic markers FMaccEacg402 
and HVM36 were detected as novel genetic markers linked to 
the 2H chromosome gene locus involved in barley resistance to 
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yellow mosaic disease, for example. 

The genetic marker FMaccEacg402 is detected by 
so-called AFLP (Amplified Fragment Length Polymorphism). For 
the detection, FMaccEacg402 is amplified according to the 
following procedure. First, DNA fragments obtained by digesting 
the genomic DNA of barley with restriction enzymes Msel and 
EcoRI are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTC GTAG ACTGC GTAC C (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence G ACTGC GTAC CAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with 
an eighth primer set that includes a primer having the base 
sequence GATGAGTCCTGAGTAAACC (SEQ ID NO: 25) and a 
primer having the base sequence GACTGCGTACCAATTCACG 
(SEQ ID NO: 26). The genetic marker FMaccEacg402 is located 
on the short arm side (closer to the 5' end) of 2H chromosome 
about 2.3 cM from the gene locus involved in barley resistance 
to yellow mosaic disease. 

The amplified fragments obtained with the eighth primer 
set include those from the susceptible strain (Harbin 2-row) and 
those from the resistant strain (Turkey 6). The length of 
amplified fragment was 0 bp for the susceptible strain (Harbin 
2-row), and about 402 bp for the resistant strain (Turkey 6). In 
other words, the susceptible strain (Harbin 2-row) does not 
yield the amplified fragment of about 402 bp, and it is only 
obtained in the resistant strain (Turkey 6). Thus, if the fragment 
length of the amplified fragments obtained by the AFLP 



detecting procedure were checked by a conventional method 
such as electrophoresis, it would be possible to determine the 
genotype of a barley individual of interest, whether it is 
resistant or susceptible, in regard to the allele of the 2H 
chromosome gene locus involved in barley resistance to yellow 
mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of Turkey 6, 
which is a barley variety resistant to yellow mosaic disease. 
Thus, in the detection of the genetic marker, Harbin 2-row is 
the susceptible strain, and Turkey 6 is the resistant strain. 

The genetic marker HVM36 is amplified with a ninth 
primer set that includes a primer having the base sequence 
TCCAGCCGAACAATTTCTTG (SEQ ID NO: 27) and a primer 
having the base sequence AGTACTCCGACACCACGTCC (SEQ ID 
NO: 28), using the genomic DNA of barley as a template. The 
genetic marker HVM36 is located on the long arm side of 2H 
chromosome about 6.0 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The genetic marker 
HVM36 is known as a SSR (simple sequence repeat) marker. 
Further, the amplification method of HVM36 is not particularly 
limited and may be performed under suitable conditions. 

The amplified fragments obtained with the ninth primer 
set include those from the susceptible strain (Harbin 2-row) and 
those from the resistant strain (Turkey 6). The length of 
amplified fragment was about 60 bp to 30 bp for the susceptible 
strain (Harbin 2-row), and about 90 bp to 60 bp for the 
resistant strain (Turkey 6). In other words, the susceptible 
strain (Harbin 2-row) yields the amplified fragment of about 60 
bp to 30 bp, and the resistant strain (Turkey6) yields the 
amplified fragment of about 90 bp to 60 bp. Thus, if the 
fragment length of the amplified fragments obtained by the 
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AFLP detecting procedure were checked by a conventional 
method such as electrophoresis, it would be possible to 
determine the genotype of a barley individual of interest, 
whether it is resistant or susceptible, in regard to the allele of 
the 2H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of Turkey 6, 
which is a barley variety susceptible to yellow mosaic disease. 
Thus, in the detection of the genetic marker, Harbin 2-row is 
the susceptible strain, and Turkey 6 is the resistant strain. 

From the RI2 population, genetic markers MMattEacgl62 
and FMataEgga331 were detected as novel genetic markers 
linked to the 3H chromosome gene locus involved in barley 
resistance to yellow mosaic disease, for example. 

The genetic marker MMattEacgl62 is detected by 
so-called AFLP (Amplified Fragment Length Polymorphism). For 
the detection, MMattEacgl62 is amplified according to the 
following procedure. First, DNA fragments obtained by digesting 
the genomic DNA of barley with restriction enzymes Msel and 
EcoRI are ligated to Msel adapter having the base sequences 
G AC G ATG AGTC CTG A G (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
G ATG AGTC CTG AGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
tenth primer set that includes a primer having the base 
sequence GATGAGTCCTGAGTAAATT (SEQ ID NO: 29) and a 
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primer having the base sequence G ACTG C GTA C C A ATTC AC G 
(SEQ ID NO: 30). The genetic marker MMattEacgl62 is located 
on the short arm side (closer to the 5' end) of 3H chromosome 
about 0.6 cM from the gene locus involved in barley resistance 
to yellow mosaic disease. 

The amplified fragments obtained with the tenth primer 
set include those from the resistant strain (Harbin 2-row) and 
those from the susceptible strain (Turkey 6). The length of 
amplified fragment was about 162 bp for the resistant strain 
(Harbin 2-row), and about 170 bp for the susceptible strain 
(Turkey 6). In other words, the resistant strain (Harbin 2-row) 
yields the amplified fragment of about 162 bp, and the 
susceptible strain (Turkey 6) yields the amplified fragment of 
about 170 bp. Thus, if the fragment length of the amplified 
fragments obtained by the AFLP detecting procedure were 
checked by a conventional method such as electrophoresis, it 
would be possible to determine the genotype of a barley 
individual of interest, whether it is resistant or susceptible, in 
regard to the allele of the 3H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

The genetic marker FMataEgga33 1 is detected by so-called 
AFLP (Amplified Fragment Length Polymorphism). For the 
detection, FMataEgga331 is amplified according to the following 
procedure. First, DNA fragments obtained by digesting the 
genomic DNA of barley with restriction enzymes Msel and EcoRI 
are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
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GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence G ACTG C GTAC C AATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with 
an eleventh primer set that includes a primer having the base 
sequence GATGAGTCCTGAGTAAATA (SEQ ID NO: 31) and a 
primer having the base sequence GACTGCGTACCAATTCGGA 
(SEQ ID NO: 32). The genetic marker FMataEgga331 is located 
on the long arm side (closer to the 3' end) of 4H chromosome 
about 6.2 cM from the gene locus involved in barley resistance 
to yellow mosaic disease. 

The amplified fragments obtained with the eleventh primer 
set include those from the resistant strain (Harbin 2-row) and 
those from the susceptible strain (Turkey 6). The length of 
amplified fragment was about 0 bp for the resistant strain 
(Harbin 2-row), and about 331 bp for the susceptible strain 
(Turkey 6). In other words, the resistant strain (Harbin 2-row) 
does not yield the amplified fragment of about 331 bp, and it is 
obtained only in the susceptible strain (Turkey 6). Thus, if the 
fragment length of the amplified fragments obtained by the 
AFLP detecting procedure were checked by a conventional 
method such as electrophoresis, it would be possible to 
determine the genotype of a barley individual of interest, 
whether it is resistant or susceptible, in regard to the allele of 
the 3H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

From the RI2 population, genetic markers FMacgEgat88 
and MMacgEgga74 were detected as novel genetic markers 
linked to the 5H chromosome gene locus involved in barley 
resistance to yellow mosaic disease, for example. 

The genetic marker FMacgEgat88 is detected by so-called 
AFLP (Amplified Fragment Length Polymorphism). For the 
detection, FMacgEgat88 is amplified according to the following 
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procedure. First, DNA fragments obtained by digesting the 
genomic DNA of barley with restriction enzymes Msel and EcoRI 
are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48) , and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
G ATG A GTC CTG A GTA A (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with a 
seventeenth primer set that includes a primer having the base 
sequence G ATG A GTC CTG A GTA AA C G (SEQ ID NO: 43) and a 
primer having the base sequence GACTGCGTACCAATTCGAT 
(SEQ ID NO: 44). The genetic marker FMacgEgat88 is located on 
the short arm side (closer to the 5' end) of 5H chromosome 
about 3.8 cM from the gene locus involved in barley resistance 
to yellow mosaic disease. 

The amplified fragments obtained with the seventeenth 
primer set include those from the resistant strain (Harbin 
2-row) and those from the susceptible strain (Turkey 6). The 
length of amplified fragment was 0 bp for the resistant strain 
(Harbin 2-row), and about 88 bp for the susceptible strain 
(Turkey 6). In other words, the resistant strain (Harbin 2-row) 
does not yield the amplified fragment of about 88 bp, and it is 
only obtained in the susceptible strain (Turkey 6). Thus, if the 
fragment length of the amplified fragments obtained by the 
AFLP detecting procedure were checked by a conventional 
method such as electrophoresis, it would be possible to 
determine the genotype of a barley individual of interest, 
whether it is resistant or susceptible, in regard to the allele of 
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the 5H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

The genetic marker MMacgEgga74 is detected by so-called 
AFLP (Amplified Fragment Length Polymorphism). For the 
detection, MMacgEgga74 is amplified according to the following 
procedure. First, DNA fragments obtained by digesting the 
genomic DNA of barley with restriction enzymes Msel and EcoRI 
are ligated to Msel adapter having the base sequences 
GACGATGAGTCCTGAG (SEQ ID NO: 47) and 
TACTCAGGACTCAT (SEQ ID NO: 48), and EcoRI adapter having 
the base sequences CTCGTAGACTGCGTACC (SEQ ID NO: 49) 
and AATTGGTACGCAGTCTAC (SEQ ID NO: 50). The DNA 
fragments with these adopters are then pre-amplified with Msel 
universal primer having the base sequence 
GATGAGTCCTGAGTAA (SEQ ID NO: 51), and EcoRI universal 
primer having the base sequence GACTGCGTACCAATTC (SEQ 
ID NO: 52). Finally, the resulting fragments are amplified with 
an eighteenth primer set that includes a primer having the base 
sequence G ATG AGTC CTG AGTAAAC G (SEQ ID NO: 45) and a 
primer having the base sequence G A CTG C GT A C C AATTC G G A 
(SEQ ID NO: 46). The genetic marker MMacgEgga74 is located 
on the long arm side (closer to the 3' end) of 5H chromosome 
about 17.1 cM from the gene locus involved in barley resistance 
to yellow mosaic disease. 

The amplified fragments obtained with the eighteenth 
primer set include those from the resistant strain (Harbin 
2-row) and those from the susceptible strain (Turkey 6). The 
length of amplified fragment was about 74 bp for the resistant 
strain (Harbin 2-row), and about 0 bp for the susceptible strain 
(Turkey 6). In other words, the susceptible strain (Turkey 6) 
does not yield the amplified fragment of about 74 bp, and it is 
obtained only in the resistant strain (Harbin 2-row). Thus, if the 
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fragment length of the amplified fragments obtained by the 
AFLP detecting procedure were checked by a conventional 
method such as electrophoresis, it would be possible to 
determine the genotype of a barley individual of interest, 
whether it is resistant or susceptible, in regard to the allele of 
the 5H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

From the DHHS population, genetic markers k03861, 
k03616, and k02325 were detected as novel genetic markers 
linked to the 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease, for example. 

The genetic marker k03861 is amplified with the fifth 
primer set that includes a primer having the base sequences 
ACGATCGATCAAAAGGACCA (SEQ ID NO: 19) and a primer 
having the base sequences AATCCGACGAAATCAACGAG (SEQ 
ID NO: 20), using the genomic DNA of barley as a template. The 
genetic marker k03861 is located on the long arm side of 1H 
chromosome about 15.5 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The primer 
sequences are based on one of the barley EST sequences (EST 
clone: bah27k23, SEQ ID NO: 53) independently developed by 
the inventors. 

The amplification method of k03861 is not particularly 
limited and may be performed under suitable conditions. 

The amplified fragments obtained with the fifth primer set 
include those from the susceptible strain (Haruna Nijo) and 
those from the resistant strain (H602). The length of amplified 
fragment was about 379 bp for the susceptible strain (Haruna 
Nijo), and about 353 bp for the resistant strain (H602). Thus, if 
the fragment length of the amplified fragments obtained by the 
AFLP detecting procedure were checked by a conventional 
method such as electrophoresis, it would be possible to 
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determine the genotype of a barley individual of interest, 
whether it is resistant or susceptible, in regard to the allele of 
the 1H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of H602, which 
is a barley variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic marker, Haruna Nijo is the 
susceptible strain, and H602 is the resistant strain. 

The genetic marker k03616 is amplified with the sixth 
primer set that includes a primer having the base sequences 
CTCGATCATCAGCGACTTCA (SEQ ID NO: 21) and a primer 
having the base sequences GAAGAGGCACCTTCTGCAAC (SEQ 
ID NO: 22), using the genomic DNA of barley as a template. The 
genetic marker k03616 is located on the short arm side of 1H 
chromosome about 1.4 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The primer 
sequences are based on one of the barley EST sequences (EST 
clone: bahl3el5, SEQ ID NO: 54) independently developed by 
the inventors. 

The amplification method of k03616 is not particularly 
limited and may be performed under suitable conditions. 

The amplified fragments obtained with the sixth primer 
set include those from the resistant strain (Haruna Nijo) and 
those from the susceptible strain (H602). Haruna Nijo and H602 
have SNP. Figure 9 shows SNP-containing portions of the base 
sequences of the amplification products of Haruna Nijo and 
H602. The base sequence (SEQ ID NO: 55) of the susceptible 
strain (H602) is shown on the top, and the base sequence (SEQ 
ID NO: 56) of the resistant strain (Haruna Nijo) is shown on the 
bottom. SNP is indicated by square. The recognition sequence 
(GATC) of restriction enzyme Mbol is indicated by underline. As 
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can be seen in Figure 9, while the amplification product of the 
susceptible strain is excised by Mbol due to the presence of the 
recognition sequence (GATC) of restriction enzyme Mbol, the 
restriction enzyme Mbol does not cut the amplification product 
of the resistant strain because the recognition sequence has 
been changed to GATA by the C-A mutation. That is, the genetic 
marker k03616 is a CAPS marker, which, by the amplification 
with the sixth primer set and the excision by restriction enzyme 
Mbol, can determine the genotype of an individual of interest, 
whether it is resistant or susceptible, in regard to the allele 
located on the 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

The genetic marker k02325 is amplified with the seventh 
primer set that includes a primer having the base sequence 
AATGTGCACACCAAGGTTGA (SEQ ID NO: 23) and a primer 
having the base sequence AGACAACAACCGCCTGTACC (SEQ ID 
NO: 24), using the genomic DNA of barley as a template. The 
genetic marker k02325 is located on the long arm side of 1H 
chromosome about 4.3 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The primer 
sequences are based on one of the barley EST sequences (EST 
clone: bagslf22, SEQ ID NO: 57) independently developed by 
the inventors. 

The amplification method of k02325 is not particularly 
limited and may be performed under suitable conditions. 

The amplified fragments obtained with the seventh primer 
set include those from the resistant strain (Haruna Nijo) and 
those from the susceptible strain (H602). Haruna Nijo and H602 
have SNP. Figure 10 shows SNP-containing portions of the base 
sequences of the amplification products of Haruna Nijo and 
H602. The base sequence (SEQ ID NO: 58) of the susceptible 
strain (H602) is shown on the top, and the base sequence (SEQ 
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ID NO: 59) of the resistant strain (Haruna Nijo) is shown on the 
bottom. SNP is indicated by square. The recognition sequence 
(CCGG) of restriction enzyme HapII is indicated by underline. As 
can be seen in Figure 10, while the amplification product of the 
susceptible strain is excised by HapII due to the presence of the 
recognition sequence (CCGG) of restriction enzyme HapII, the 
restriction enzyme HapII does not cut the amplification product 
of the resistant strain because the recognition sequence has 
been changed to CTGG by the C-T mutation. That is, the genetic 
marker k02325 is a CAPS marker, which, by the amplification 
with the seventh primer set and the excision by restriction 
enzyme HapII, can determine the genotype of an individual of 
interest, whether it is resistant or susceptible, in regard to the 
allele located on the 1H chromosome gene locus involved in 
barley resistance to yellow mosaic disease. 

The genetic marker k07966 is amplified with a twelfth 
primer set that includes a primer having the base sequence 
ATGGACCCAACAAGTGGAAG (SEQ ID NO: 33) and a primer 
having the base sequence AGGAAGACTTTGGAGGCCAT (SEQ ID 
NO: 34), using the genomic DNA of barley as a template. The 
genetic marker k07966 is located on the long arm side of 3H 
chromosome about 4.8 cM from the gene locus involved in 
barley resistance to yellow mosaic disease. The primer 
sequences are based on one of the barley EST sequences (EST 
clone: BaGS7G14, SEQ ID NO: 60) independently developed by 
the inventors. 

The amplification method of k07966 is not particularly 
limited and may be performed under suitable conditions. 

The amplified fragments obtained with the twelfth primer 
set include those from the resistant strain (Haruna Nijo) and 
those from the susceptible strain (H602). Haruna Nijo and H602 
have SNP. Figure 1 1 shows SNP-containing portions of the base 
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sequences of the amplification products of Haruna Nijo and 
H602. The base sequence (SEQ ID NO: 61) of the susceptible 
strain (H602) is shown on the top, and the base sequence (SEQ 
ID NO: 62) of the resistant strain (Haruna Nijo) is shown on the 
bottom. SNP is indicated by square. The recognition sequence 
(CCGG) of restriction enzyme HapII is indicated by underline. As 
can be seen in Figure 1 1 , while the amplification product of the 
resistant strain is excised by HapII due to the presence of the 
recognition sequence (CCGG) of restriction enzyme HapII, the 
restriction enzyme HapII does not cut the amplification product 
of the susceptible strain because the recognition sequence has 
been changed to CCTG by the G-T mutation. That is, the genetic 
marker k07966 is a CAPS marker, which, by the amplification 
with the twelfth primer set and the excision by restriction 
enzyme HapII, can determine the genotype of an individual of 
interest, whether it is resistant or susceptible, in regard to the 
allele located on the 3H chromosome gene locus involved in 
barley resistance to yellow mosaic disease. 

One centiMorgan (cM) refers to the distance between two 
gene loci with the crossover frequency of 1%. For example, 1.4 
cM indicates that a recombination on a chromosome occurs on 
average at 14/1000 between a genetic marker and a gene locus 
involved in barley resistance to yellow mosaic disease. In other 
words, a recombination rate of about 1.4%. 

The genomic DNA used for amplification can be extracted 
from plants, using conventional methods. For a preferable 
example of an ordinary method for extracting genomic DNA from 
plants, refer to Murray, M.G. and W.F. Thompson (1980) 
Nucleic Acids Res. 8: 4321-4325, for example. The genomic DNA 
can be extracted from any tissue of barley, including root, stem, 
leaf, and reproductive organs. Under certain conditions, the 
genomic DNA may be extracted from the callus of barley. The 
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reproductive organs include floral organs (both male and female 
reproductive organs) and seeds. For example, extraction of 
genomic DNA is performed with a barley leaf obtained from the 
seeding stage of development. This is because the leaf obtained 
from the seeding stage (i) allows the tissue to be ground 
relatively easily, (ii) contains a relatively small amount of 
impurity such as polysaccharides, and (iii) is easy to grow from 
the seed in a short time period. Another advantage is that it 
allows for screening of individuals at the seeding stage, and 
therefore greatly reduces the breeding time. 

The method of amplification whereby the genomic DNA of 
barley is used as a template and the primers are used in the 
foregoing combinations can be performed by conventional DNA 
amplification methods. Generally, a PCR method (polymerase 
chain reaction) or a modification of PCR is used. Reaction 
conditions of PCR, or a modification thereof, are not particularly 
limited, and the method can be performed under ordinary 
conditions. 

With the genetic markers according to the present 
invention, DNA fragments can be isolated that include gene loci 
involved in barley resistance to yellow mosaic disease. The DNA 
fragments can therefore be used to elucidate the mechanism of 
genes involved in barley resistance to yellow mosaic disease, 
and the mechanism of barley resistance to yellow mosaic 
disease. Further, by introducing the DNA fragments in the 
genomic DNA of barley, barley can be produced (bred) that is 
resistant to yellow mosaic disease. 

Further, the genetic markers are linked to a gene locus 
involved in barley resistance to yellow mosaic disease. Thus, by 
detecting polymorphism of the genetic markers in the genomic 
DNA of tested barley, it is possible to determine whether the 
barley has a gene locus involved in resistance to yellow mosaic 
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disease. Further, in this way, whether or not the barley is 
resistant to yellow mosaic disease can be determined. The 
primers for amplifying the genetic markers, or a DNA 
microarray with the genetic markers immobilized thereon may 
be provided as a kit, which can then be used for determining 
the presence or absence of a gene locus involved in barley 
resistance to yellow mosaic disease, or for determining a yellow 
mosaic disease-resistant barley. 

As described above, genetic markers according to the 
present invention have many uses. Exemplary uses of genetic 
markers of the present invention will be described later in 
detail. 

(1) Use of the Present Invention 

[Isolation Method of DNA Fragments including Gene Locus 
involved in Barley Resistance to Yellow Mosaic Disease] 

As described above, the genetic markers (k00256, k02948, 
k03861, k03616, k02325) according to the present invention 
are linked to a barley 1H chromosome gene locus involved in 
barley resistance to yellow mosaic disease. The genetic markers 
(FMaccEacg402, HVM36) according to the present invention are 
linked to a barley 2H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic markers 
(k04143, k00169, k07966, MMattEacgl62, FMataEgga33 1) 
according to the present invention are linked to a barley 3H 
chromosome gene locus involved in barley resistance to yellow 
mosaic disease. The genetic markers (FEggaMtggl 16, 
FEgggMcaa585, MEcatMagc467, MEataMatg396) according to 
the present invention are linked to a barley 4H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. The genetic markers (FMacgEgat88, MMacgEgga74) 
according to the present invention are linked to a barley 5H 
chromosome gene locus involved in barley resistance to yellow 
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mosaic disease. 

The genetic markers k00256, k02948, k03861, k03616, 
and k02325 can be used to isolate DNA fragments including a 
barley 1H chromosome gene locus involved in yellow mosaic 
disease. The genetic markers FMaccEacg402 and HVM36 can be 
used to isolate DNA fragments including a barley 2H 
chromosome gene locus involved in barley resistance to yellow 
mosaic disease. The genetic markers k04143, k00169, k07966, 
MMattEacgl62, and FMataEgga33 1 can be used to isolate DNA 
fragments including a barley 3H chromosome gene locus 
involved in barley resistance to yellow mosaic disease. The 
genetic markers FEggaMtggl 16, FEgggMcaa585, MEcatMagc467, 
and MEataMatg396 can be used to isolate DNA fragments 
including a barley 4H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. The genetic markers 
FMacgEgat88 and MMacgEgga74 can be used to isolate DNA 
fragments including a barley 5H chromosome gene locus 
involved in barley resistance to yellow mosaic disease. 

As used herein, the term "isolate" means not only cloning 
target DNA fragments including a gene locus involved in barley 
resistance to yellow mosaic disease, but the term is also used 
more broadly in situations where, for example, a backcross of 
the Fl population is made to screen for individuals that have 
DNA fragments including the gene locus involved in barley 
resistance to yellow mosaic disease of one of the parents, and 
then only these gene locus regions are introduced into a target 
variety to produce an isogenic line. 

The method by which DNA fragments including a gene 
locus involved in barley resistance to yellow mosaic disease is 
isolated using the genetic markers is not particularly limited. 
For example, the following methods are available. 

Currently, two kinds of BAC libraries of barley genomic 
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DNA have been constructed, including one for Haruna Nijo 
being developed by the inventors of the present invention. Some 
more BAC libraries are under development as well. Such BAC 
libraries are used to find a gene locus involved in barley 
resistance to yellow mosaic disease. This can be performed 
according to the following procedure. First, according to a 
known map base cloning technique, BAC clones including the 
genetic markers of the present invention are identified based on 
a gene locus involved in barley resistance to yellow mosaic 
disease and the genetic markers of the present invention linked 
thereto. Then, from the BAC clones so prepared, BAC contigs 
are prepared and sequenced. 

Alternatively, as described above, by the backcross of Fl 
with one of the parents, DNA fragments may be obtained that 
include the gene locus involved in barley resistance to yellow 
mosaic disease of one of the parents. The DNA fragments can 
then be introduced into a target variety to achieve isolation in a 
broad sense. 

For example, in using the foregoing methods to isolate 
DNA fragments that include a gene locus involved in barley 
resistance to yellow mosaic disease, it is preferable that genetic 
markers be used that are closer to the target gene locus 
involved in barley resistance to yellow mosaic disease. This 
reduces the chance of recombination between the genetic 
markers and the target gene locus involved in barley resistance 
to yellow mosaic disease, and thereby reliably isolates the gene 
locus involved in barley resistance to yellow mosaic disease. 

[Producing Method of Yellow Mosaic Disease-Resistant 
Barley, and Yellow Mosaic Disease-Resistant Barley Obtained by 
the Method] 

A DNA fragment having a gene locus involved in barley 
resistance to yellow mosaic disease, obtained by the isolation 
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method of DNA fragments including a gene locus involved in 
barley resistance to yellow mosaic disease, can be introduced 
into the genomic DNA of barley to produce a modified barley 
resistant to yellow mosaic disease. For the production of yellow 
mosaic disease-resistant barley, DNA fragments including a 
gene locus involved in barley resistance to yellow mosaic 
disease need to be isolated and introduced into a barley variety 
sensitive to yellow mosaic disease. 

The method of introducing a DNA fragment is not 
particularly limited, and conventional methods can suitably be 
used. For example, an Agrobacterium method or a particle gun 
method can be used. Specifically, a transformed barley may be 
produced using Agrobacterium tumefaciens, according to the 
method described in Sonia Tingay et al., The Plant Journal 
(1997) 11(6), 1369-1376, for example. 

The DNA fragment including a gene locus involved in 
barley resistance to yellow mosaic disease, introduced into 
barley to produce yellow mosaic disease-resistant barley may be 
any of DNA fragments of 1H, 2H, 3H, 4H, and 5H chromosomes. 
However, by introducing different kinds of DNA fragments into 
the genomic DNA of the same barley, the barley resistance to 
yellow mosaic disease can be improved. 

Further, a DNA fragment including a gene locus involved 
in barley resistance to yellow mosaic disease may be introduced 
by crossing a genotypically resistant strain having a gene locus 
involved in barley resistance to yellow mosaic disease with a 
recipient strain sensitive to yellow mosaic disease. 

A yellow mosaic disease-resistant barley according to the 
present invention is obtained by a producing method of the 
present invention. A producing method according to the present 
invention enables a yellow mosaic disease-resistant barley to be 
produced both easily and reliably, and therefore prevents yellow 
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mosaic disease and provides a stable yield. 

[Determination Method (Screening Method) of Yellow 
Mosaic Disease-Resistant Barley] 

A method for determining (screening for) a yellow mosaic 
disease-resistant barley according to the present invention is 
not particularly limited as long as it determines (screens for) a 
yellow mosaic disease-resistant barley using genetic markers of 
the present invention as an index. As such, the steps, 
conditions, materials, etc. are not particularly limited. For 
example, known crop breeding methods can be used. 

More specifically, the genomic DNA of barley produced by 
a crossing etc. may be extracted, and a barley may be 
determined (screened for) using the genotype of genetic markers 
of the present invention as an index. For the detection of 
genetic markers, the fragment length or digestion patterns of 
restriction enzyme may be observed with regard to DNA 
fragments that have been amplified with any of the first through 
eighteenth primer sets using the extracted genomic DNA of 
tested barley as a template. From the amplified fragments, it is 
determined whether the tested barley is genotypically resistant 
or susceptible, with regard to the allele of the gene locus 
involved in barley resistance to yellow mosaic disease, using the 
genetic markers as an index. This was already described above 
in conjunction with the genetic markers according to the 
present invention. 

The following description deals with accuracy (probability) 
of the determination method. Think of a genetic marker located 
1.4 cM away from the gene locus involved in barley resistance to 
yellow mosaic disease. Then, chances of recombination 
occurring between the genetic marker and the gene locus 
involved in barley resistance to yellow mosaic disease on the 
chromatids are on average 14/1000. That is, the probability of 
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recombination is about 1.4%. Thus, if the genetic marker for the 
gene locus involved in barley resistance to yellow mosaic 
disease were detected, there is a 98.6% chance that the gene 
locus involved in barley resistance to yellow mosaic disease is 
present. That is, the presence or absence of a gene locus 
involved in barley resistance to yellow mosaic disease can be 
determined more accurately if the distance between the genetic 
marker and the gene locus involved in barley resistance to 
yellow mosaic disease is close together. In other words, a yellow 
mosaic disease-resistant barley can be determined (screened 
for). 

For the reasons set forth above, though any of the genetic 
markers for detecting polymorphism can be used to determine 
the presence or absence of yellow mosaic disease-resistance, it 
is preferable to detect genetic markers that are closer to the 
gene locus involved in barley resistance to yellow mosaic 
disease. For example, when a genetic marker linked to the 1H 
chromosome gene locus involved in barley resistance to yellow 
mosaic disease is detected by the determination method of the 
present invention, it is more preferable to detect k03616 
(located about 1.4 cM from the gene locus involved in barley 
resistance to yellow mosaic disease) than k02325 (located about 
4.3 cM from the gene locus involved in barley resistance to 
yellow mosaic disease). 

Further, in the detection method, polymorphism of more 
than one genetic marker may be detected. Particularly, the 
accuracy (probability) of determination can be improved if 
polymorphism were detected by selecting genetic markers that 
flank a gene locus involved in barley resistance to yellow mosaic 
disease. For example, detection can be made with a combination 
of k03616 (located on the short arm side about 1.4 cM from the 
gene locus involved in barley resistance to yellow mosaic 
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disease) and k02325 (located about 4.3 cM from the gene locus 
involved in barley resistance to yellow mosaic disease). By 
taking this as an example, the following specifically describes 
the accuracy (probability) of the determination method of the 
invention, in cases where polymorphism is detected with a 
single genetic marker and the both genetic markers. 

Genetic marker k03616 is located on the short arm side 
about 1.4 cM from the gene locus involved in barley resistance 
to yellow mosaic disease, and the accuracy (probability) of the 
determination method of the invention is (1-14/1000) x 100 = 
about 98.6% when this genetic marker is solely used to detect 
polymorphism. Genetic marker k02325 is located about 4.3 cM 
from the gene locus involved in barley resistance to yellow 
mosaic disease, and the accuracy (probability) of the 
determination method of the invention is 95.7% when this 
genetic marker is solely used to detect polymorphism. The 
accuracy improves to (1-(14/1000) x (43/1000)) x 100 = 
99.940% if polymorphism of the both genetic markers were 
detected, with the result that the presence or absence of a gene 
locus involved in barley resistance to yellow mosaic disease is 
detected with improved accuracy. 

It is therefore preferable that determination be made by 
detecting genetic markers -that flank a gene locus involved in 
barley resistance to yellow mosaic disease. Other than the 
combination of k03616 and k02325, the genetic markers may 
be used, for example, in the following combinations: 
FEggaMtggll6 and FEgggMcaa585; MEcatMagc467 and 
MEataMatg396; MMattEacg 1 62 and FMataEgga33 1 ; 
FMacgEgat88 and MMacgEgga74; FMaccEacg402 and HVM36; 
k02948 and k03861; k00169 and k07966; k04143 and k00169; 
and k00256 and k02948. 

The determination method of the present invention can be 
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used as effective screening means for the breeding of yellow 
mosaic disease-resistant barley. For example, in performing the 
producing method of a yellow mosaic disease-resistant barley 
according to the present invention, the determination method 
readily allows large numbers of candidate transformants to be 
screened for individuals that have incorporated a DNA fragment 
including a gene locus involved in barley resistance to yellow 
mosaic disease. The determination method can also be used as 
means for screening barley individuals that have been subjected 
to chemical treatment or the like for causing mutation, or that 
have been bred by a crossing for example. 

determination Kit of Yellow Mosaic Disease-Resistant 
Barley> 

The reagents, enzymes, and other materials necessary for 
the determination method of a yellow mosaic disease-resistant 
barley may be provided as a kit to provide a determination kit 
for determining a yellow mosaic disease-resistant barley 
(hereinafter referred to as "determination kit"). As described 
above in conjunction with the determination method of a yellow 
mosaic disease-resistant barley, genetic markers according to 
the present invention can be used to determine a genotype of a 
tested barley individual, whether it is resistant or susceptible, 
with regard to the allele of a gene locus involved in barley 
resistance to yellow mosaic disease. That is, it is possible to 
determine whether a tested barley individual is resistant or 
susceptible to yellow mosaic disease. Thus, with the 
determination kit, a yellow mosaic disease-resistant barley can 
be distinguished more easily. 

Preferably, the determination kit includes one or more 
primer sets (first through eighteenth primer sets) that are used 
to detect at least genetic markers of the present invention. More 
preferably, the determination kit includes all of the primer sets 
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(first through eighteenth primer sets). The determination kit 
may additionally include primers that are necessary for 
detecting known markers linked to barley resistance to yellow 
mosaic disease. 

The determination kit may include enzymes, reagents, and 
the like for performing PCR. The kit may also include reagents, 
buffers, and a centrifugal tube that are necessary for preparing 
the genomic DNA used as a template. Further, the kit may 
include genetic markers (k00256, K02948, k04143, k00169, 
FEggaMtggll6, FEgggMcaa585, MEcatMagc467, MEataMatg396, 
MMattEacgl62, FMataEgga33 1, FMacgEgat88, MMacgEgga74, 
FMaccEacg402, HVM36, k03861, k03616, k02325, k07966) 
that are necessary for the detection of target DNA size bands. 
Alternatively, the kit may include suitable DNA size markers. 
<Gene Detecting Instrument (DNA microarray)> 
Genetic markers according to the present invention 
(k00256, K02948, k04143, k00169, FEggaMtggl 16, 
FEgggMcaa585, MEcatMagc467, MEataMatg396, MMattEacgl62, 
FMataEgga331, FMacgEgat88, MMacgEgga74, FMaccEacg402, 
HVM36, k03861, k03616, k02325, k07966) may be fixed on a 
suitable substrate (glass, silicon wafer, nylon membrane, etc.) 
to provide a gene detecting instrument such as a DNA 
microarray. By allowing the gene detecting instrument (DNA 
microarray) to react with a probe prepared from a tested barley 
and detecting a signal of the reaction, genetic markers of the 
present invention can be detected both easily and 
simultaneously. Thus, the gene detecting instrument (DNA 
microarray) can be used as means for detecting polymorphism 
of genetic markers of the present invention. The gene detecting 
instrument can therefore be used as detecting means in the 
determination method of a yellow mosaic disease-resistant 
barley. Further, the DNA microarray may be included in the 



- 60 - 

determination kit for a yellow mosaic disease-resistant barley. 
In this case, the kit may include reagents, instruments, devices, 
and the like that are used to detect a signal from the gene 
detecting instrument (DNA microarray). 

On the substrate of the gene detecting instrument (DNA 
microarray) of the present invention, there is fixed at least one 
of the genetic markers of the present invention (k00256, 
K02948, k04143, k00169, FEggaMtggl 16, FEgggMcaa585, 
MEcatMagc467, MEataMatg396, MMattEacgl62, FMataEgga331, 
FMacgEgat88, MMacgEgga74, FMaccEacg402, HVM36, k03861, 
k03616, k02325, k07966). The genetic marker may be either 
resistant or susceptible, or both. In order to more accurately 
(reliably) determine the presence or absence of a gene locus 
involved in barley resistance to yellow mosaic disease, it is 
preferable that a plurality of genetic markers flanking a gene 
locus involved in barley resistance to yellow mosaic disease be 
fixed in combinations. For example, the genetic markers may be 
fixed in the following combinations: k00256 and K02948; 
k04143 and k00169; FEggaMtggl 16 and FEgggMcaa585; 
MEcatMagc467 and MEataMatg396; MMattEacgl62 and 
FMataEgga33 1 ; FMacgEgat88 and MMacgEgga74; 

FMaccEacg402 and HVM36; K02948 and k038611; k03616 and 
k02325; and k00169 and k07966. Most preferably, all of the 
genetic markers (resistant and susceptible) are fixed. 

With a gene detecting instrument (DNA microarray) having 
fixed thereon more than one genetic marker, a multiplicity of 
genetic markers can be easily detected in a single run. Further, 
the presence or absence of a gene locus involved in barley 
resistance to yellow mosaic disease can be detected with good 
accuracy (probability) . 

In addition to the genetic markers of the present invention, 
the gene detecting instrument (DNA microarray) may include 
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other genetic markers fixed in the vicinity of the genetic 
markers of the present invention. 

Further, in the gene detecting instrument (DNA microaray), 
it is preferable that the genetic markers of the present invention 
be fixed in the order they are aligned on barley chromosomes, or 
with sequence position information indicative of the order in 
which the genetic markers are aligned on barley chromosomes. 
This further improves detection accuracy. To describe more 
specifically, in analyses using a conventional microarray, one 
cannot be certain if failure to obtain a signal from a given spot 
is due to the absence of a genetic marker being detected, or if it 
is an experimental error. This necessitates further analysis. 
However, if the genetic markers were fixed on the gene detecting 
instrument (DNA microarray) in the chromosomal order or with 
sequence position information indicative of the chromosomal 
order, the order of the genetic markers fixed on the gene 
detecting instrument as they are aligned on the chromosomes 
can be checked to easily determine whether the result is due to 
an experimental error. 

More specifically, assume that a signal was obtained in 
spots on the both sides of a spot where no signal was obtained. 
Meanwhile, in the gene detecting instrument (DNA microarray), 
the spots are disposed as they are aligned on the chromosomes. 
As a rule, in order for a recombination to occur in only one of 
closely aligned genes on a chromosome, two recombinations 
need to occur at very close locations. However, since the 
probability of such recombination is extremely small, failure to 
obtain a signal can be attributed to an experimental error. In 
this manner, with the gene detecting instrument (DNA 
microarray), whether the result is due to an experimental error 
can easily be determined even when a signal is not present in a 
given spot. As a result, the accuracy of analysis can be 
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improved. 

The present invention is not limited to the description of 
the embodiments above, but may be altered by a skilled person 
within the scope of the claims. An embodiment based on a 
proper combination of technical means disclosed in different 
embodiments is encompassed in the technical scope of the 
present invention. 

The primers used in the description of the invention may 
have base sequences with the substitution, deletion, and/ or 
addition of one or more bases, so long as the genetic markers of 
the present invention are amplified. 

The following describes the present invention in more 
detail by way of Examples. It should be appreciated, however, 
that the present invention is not just limited to the following 
description. 

[Plants] 

The pollens of Fl generation obtained from the cross 
between malting barley "Haruna Nijo" (Hordeum vulgare ssp. 
vulgare variety Harunanijo, resistant) and wildtype barley 
"H602" (Hordeum vulgare ssp. spontaneum H602, susceptible) 
were cultured to produce haploids. For the experiments, a 
naturally grown population (DHHS population) of 93 individuals 
of doubled haploids was used. 

In addition, the following two different lines obtained from 
barley varieties with different levels of resistance to yellow 
mosaic disease were used: RI line (RI1 population) grown from 
the cross between Russia 6 (two-row, resistance) and H.E.S. 4 
(six-row, susceptible); and RI line (RI2 population) grown from 
the cross between Harbin 2-row (resistance) and Turkey 6 
(susceptible). 

[Construction of Linkage Map] 

About 120,000 barley EST sequences owned by the 
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inventors were basecalled again with phred. After trimming the 
sequences with a quality score of 20, about 60,000 sequences at 
the 3' end were obtained by vector masking. From these 
sequences, Unigene with 8,753 contigs and 6,686 siglets was 
obtained with phrap. Using the primer constructing software 
Primer 3, about 11,000 primer sets for amplifying a cDNA 
sequence of 149 bp to 490 bp centered on 400 bp were 
constructed. In order to detect polymorphism in the amplified 
fragments of Haruna Nijo and H602 genomes, the genomic DNA 
of Haruna Nijo and H602 was amplified by PCR, and for about 
5,100 of the primer sets, agarose gel electrophoresis was 
performed to investigate the presence or absence of bands, the 
number of bands, and the band size. From the result of agarose 
gel electrophoresis, potential markers were selected. For 
fragments that did not have polymorphism in band size, the 
amplified fragments were directly sequenced to detect 
differences in the base sequences, and sequences that could be 
converted into CAPS (cleaved amplified polymorphic sequences) 
for 39 kinds of restriction enzymes were selected as markers. 

In this manner, a linkage map with a total of 499 gene 
locus markers was constructed for the DHHS population 
obtained from the Fl hybrid between Haruna Nijo and H602. 
The linkage map had an average marker density of 3.0 cM/ locus, 
and a total length of 1,470 cM. 

[Determination of Genotype] 

The genotype of each individual of the DHHS population 
was determined with the markers mapped on the linkage map of 
the DHHS population. Specifically, PCR was performed with 
primer sets that had been designed based on the EST sequence. 
As a template, DNA separated from the tissue of a fresh leaf of 
each individual was used. For the fragment length 
polymorphism markers, - the genotype was determined by 
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performing electrophoresis on the PCR products. For the CAPS 
(cleaved amplified polymorphic sequence) markers, the genotype 
was determined by electrophoresis, after digesting the PCR 
product with restriction enzyme. 

[Assay for Yellow Mosaic Disease Resistance] 
The following lines of barley were cultivated in a heavily 
contaminated field at the Research Institute for Bioresources, 
Okayama University: a group consisting of Russia 6, H.E.S. 4, 
and RI1 population; a group consisting of Harbin 2-row, Turkey 
6, and RI2 population; and a group consisting of H602, Haruna 
Nijo, and DHHS population. In early March, mosaic lesions in 
each line were observed by naked eye. The results of 
observation were then scored to provide a scale for yellow 
mosaic disease resistance. The scores were classified as follows 
according to the extent of mosaic lesion. 

Score 1 (Highly Resistant): No mosaic 
Score 2 (Resistant): Some mosaics 
Score 3 (Mildly Resistant): Mosaics are noticeable 
Score 4 (Susceptible): Strong mosaic 
Score 5 (Highly Susceptible): Mosaics are prominent 
As controls, the following variants were used: six-row 
barley Mokusekko 3, native to China, highly resistant to yellow 
mosaic disease; and malting two-row barley "Amagi Nijo" highly 
susceptible to yellow mosaic disease. 

[Example 1: QTL Analysis on Barley Resistance to Yellow 
Mosaic Disease] 

As the algorithms of QTL analysis, simple interval 
mapping ("SIM" hereinafter) and composite interval mapping 
("CIM" hereinafter) were used. As the analysis software, 
MAPMAKER / QTL and QTL Cartographer were used, respectively. 
The threshold of LOD score was set to 2. For an LOD score 
exceeding 2, the presence of a QTL was estimated at a position 
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between two markers where the LOD score was the greatest. 
[Results] 

Tables 1, 2, and 3 show the results for the DHHS 
population, RI1 population, and RI2 population, respectively. In 
Tables 1 through 3, "Population" denotes the name of a 
population subjected to the QTL analysis, "Trait" means 
characteristic, "Chromosome" means the chromosome on which 
the genetic markers are located, "Marker interval 
(M1-A-QTL-B-M2)" means two genetic markers flanking a QTL 
in the vicinity thereof, "Distance (cM) A+B" means the distance 
between two genetic markers flanking a QTL, "Position**) (cM)A" 
means the distance between genetic marker Ml and QTL, 
"Position (cM)B" means the distance between genetic marker M2 
and QTL, "LOD b ) Score" means the peak value of LOD score, 
"Var. (%) c ) is the value that indicates what proportion (%) of the 
phenotype variance is accounted for by the presence of a QTL, 
and "Weight^" is the value indicative of the margin by which the 
score for the cut-spike test is increased due to the presence of a 
QTL. 
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As can be seen from Table 1, SIM detected a QTL located 
between k00256 and k02948 on 1H chromosome, and a QTL 
located between k02948 and k03861 on 1H chromosome. It 
should be noted here that, since the linkage map has the 
markers k00256, k02948, and k03861 aligned in this order 
from the short arm side, the QTL detected by k00256 and 
k02948 and the QTL detected by k02948 and k03861 are on the 
same position (on k02948). 

Further, SIM detected a QTL located between k04143 
and k00169 on 3H chromosome, and a QTL located between 
k00169 and k07966 on 3H chromosome. Further, CIM detected 
a QTL located between k04143 and k00169 on 3H chromosome, 
and a QTL located between k03616 and k02325 on 1H 
chromosome. It should be noted here that, since the linkage 
map has the markers k04143, k00169, and k07966 aligned in 
this order from the short arm side of 3H chromosome, and since 
CIM indicates the presence of a QTL in very close proximity to 
K00169 (about 0.3 cM toward the long arm side from k00169), 
it is believed that the QTLs detected by SIM and CIM on 3H 
chromosome are the same QTL. 

That is, the QTL analysis of gene loci involved in barley 
resistance to yellow mosaic disease revealed two QTLs on 1H 
chromosome: one located between k00256, k02948, and k03861, 
and one located between k03616 and k02325. The QTL analysis 
also detected a QTL on 3H chromosome, located between 
k04143, k00169, and k07966. 

The QTL detected on 1H chromosome by SIM was located 
between genetic markers k00256, k02948, and k03861, at the 
distances of about 7.8 cM from the genetic marker k00256 on 
the short arm side, 0.0 cM from the genetic marker k02948, and 
15.5 cM from the genetic marker k03861 on the short arm side. 
The LOD score was 2.5. The phenotype variance of 12.5% can 
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be explained by this QTL. By the QTL, the score for yellow 
mosaic resistance decreased by 0.4. 

The QTL detected on 3H chromosome by SIM was located 
between genetic markers k04143 and k00169, at the distances 
of 0.0 cM from the genetic marker k04143, and 13.4 cM from 
the genetic marker k00169 on the short arm side. The LOD 
score was 4.4. The phenotype variance of 2.1% can be explained 
by this QTL. By the QTL, the score for yellow mosaic resistance 
increased by 0.5. 

The other QTL detected on 3H chromosome by SIM was 
located between genetic markers k00169 and k07966, at the 
distances of 0.0 cM from the genetic marker k00169, and 4.8 
cM from the genetic marker k07966 on the short arm side. The 
LOD score was 4.4. The phenotype variance of 2.1% can be 
explained by this QTL. By the QTL, the score for yellow mosaic 
resistance increased by 0.5. 

The QTL detected on 1H chromosome by CIM was located 
between genetic markers k03616 and k02325, at the distances 
of 1.4 cM from the genetic marker k03616 on the long arm side, 
and 4.3 cM from the genetic marker k02325 on the short arm 
side. The LOD score was 2.6. The phenotype variance of 16.3% 
can be explained by this QTL. By the QTL, the score for yellow 
mosaic resistance increased by 0.6. 

The detection of QTL on 3H chromosome by CIM was 
performed twice. In the first detection, the QTL was located 
between the genetic markers k04143 and k00169, at the 
distances of 13.1 cM from the genetic marker k04143 on the 
long arm side, and 0.0 cM from the genetic marker k00169. The 
LOD score was 2.2. The phenotype variance of 34.7% can be 
explained by this QTL. By the QTL, the score for yellow mosaic 
resistance increased by 0.9. In the second detection, the QTL 
was located between the genetic markers k04143 and k00169, 
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at the distances of 13.1 cM from the genetic marker k04143 on 
the long arm side, and 0.0 cM from the genetic marker k00169. 
The LOD score was 3.5. The phenotype variance of 30.6% can 
be explained by this QTL. By the QTL, the score for yellow 
mosaic resistance increased by 0.8. 
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As can be seen from Table 2, two QTLs involved in barley 
resistance to yellow mosaic disease were detected on 4H 
chromosome in the RI1 population. 

One of the QTLs was located between the genetic markers 
FEggaMtggl 16 and FEgggMcaa585, at the distances of 4.0 cM 
from the genetic marker FEggaMtggl 16 on the long arm side, 
and 13.9 cM from the genetic marker FEgggMcaa585 on the 
short arm side. The LOD score was 2.9. The phenotype variance 
of 15.0% can be explained by this QTL. By the QTL, the score 
for yellow mosaic resistance increased by 0.4. 

The other QTL was located between the genetic markers 
MEcatMagc467 and MEataMatg396, at the distances of 7.4 cM 
from the genetic marker MEcatMagc467 on the long arm side, 
and 0.6 cM from the genetic marker MEataMatg396 on the 
short arm side. The LOD score was 4.2. The phenotype variance 
of 21.9% can be explained by this QTL. By the QTL, the score 
for yellow mosaic resistance increased by 0.6. 
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As can be seen from Table 3, the QTL involved in barley 
resistance to yellow mosaic disease was detected on each of 2H, 
3H, and 5H chromosomes in the RI2 population. 

The QTL on 2H chromosome was detected by CIM, and it 
was located between the genetic markers FMaccEacg402 and 
HVM36, at the distances of 2.3 cM from the genetic marker 
FMaccEacg402 on the long arm side, and 6.0 cM from the 
genetic marker HVM36 on the short arm side. The LOD score 
was 3.4. The phenotype variance of 18.7% can be explained by 
this QTL. By the QTL, the score for yellow mosaic resistance 
decreased by 0.6. 

The QTL on 3H chromosome was detected by SIM, and it 
was located between the genetic markers MMattEacgl62 and 
FMataEgga331, at the distances of 0.6 cM from the genetic 
marker MMattEacgl62 on the long arm side, and 6.2 cM from 
the genetic marker FMataEgga331 on the short arm side. The 
LOD score was 2.5. The phenotype variance of 11.6% can be 
explained by this QTL. By the QTL, the score for yellow mosaic 
resistance increased by 0.6. 

The QTL on 5H chromosome was detected by CIM, and it 
was located between the genetic markers FMacgEgat88 and 
MMacgEgga74, at the distances of 3.8 cM from the genetic 
marker FMacgEgat88 on the long arm side, and 17.1 cM from 
the genetic marker MMacgEgga74 on the short arm side. The 
LOD score was 2.8. The phenotype variance of 9.5% can be 
explained by this QTL. By the QTL, the score for yellow mosaic 
resistance increased by 0.6. 

[Example 2: Detection of Genetic Marker FEggaMtggl 16] 

(Method) 

The genomic DNA (50 ng) of tested barley was double 
digested at 37°C for 12 hours in a 25 \il reaction system 
including 1.5 U of EcoRI (TAKARA BIO INC.) and 1.5 U of Msel 
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(NEW ENGLAND BioLabs). After the restriction enzyme 
treatment, the DNA was ligated at 37°C for 3 hours to 5 uM 
EcoRI adapter (base sequences of SEQ ID NO: 49 and 50) and 
50 uM Msel adapter (base sequences of SEQ ID NO: 47 and 48), 
using 25 U T4 ligase (TAKARA BIO INC.). The DNA fragments 
after ligation were pre- amplified with a universal primer for 
EcoRI (base sequence of SEQ ID NO: 52) and a universal primer 
for Msel (base sequence of SEQ ID NO: 51). For 0.07 mg/ml of 
pre-amplification reaction solution, an amplification reaction 
(final amplification) was performed with a selective primer for 
EcoRI (base sequence of SEQ ID No: 36) and a selective primer 
for Msel (base sequence of SEQ ID No: 35). For the amplification, 
TaKaRa Ex Taq (TAKARA BIO INC.) was used. 

The pre-amplification was performed with the following 
cycling parameters: one cycle consisting of 94°C for 2 minutes; 
and 20 cycles consisting of 94°C for 30 seconds, 56°C for 1 
minute, and 72°C for 1 minute. 

The final amplification was performed with the following 
cycling parameters: one cycle consisting of 94°C for 30 seconds, 
68°C for 30 seconds, and 72°C for 1 minute; one cycle 
consisting of: of 94°C for 30 seconds, 68°C for 30 seconds, 72°C 
for 30 seconds, 94°C for 30 seconds, 67.3°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 66.6°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 65.9°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 65.2°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 64.5°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 63.8°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 63.1°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 62.4°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 61.7°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 61.0°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 60.3°C for 30 seconds, 
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72°C for 1 minute, 94°C for 30 seconds, 59.6°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 58.9°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 58.2°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 57.5°C for 30 seconds, 
72°C for 1 minute, 94°C for 30 seconds, 56.8°C for 30 seconds, 
and 72°C for 1 minute; 23 cycles consisting of 94°C for 30 
seconds, 56.0°C for 30 seconds, and 72°C for 1 minute. 
(Results) 

Figure 12 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 12, the leftmost arid rightmost lanes show size markers. 
The second lane from the left shows the result of AFLP detection 
on Russia 6, which is a barley variety resistant to yellow mosaic 
disease. The third lane from the left is the result of AFLP 
detection on H.E.S. 4, which is a barley variety susceptible to 
yellow mosaic disease. The other lanes are the results of AFLP 
detection on the RI1 population of inbred lines (RI lines) 
obtained from the cross between Russia 6 and H.E.S. 4. 

The results shown in Figure 12 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Russia 6) and the susceptible strain (H.E.S. 
4). The fragment length was 0 bp for the resistant strain (Russia 
6), and about 116 bp for the susceptible strain (H.E.S. 4) 
(indicated by arrow in Figure 12). In other words, the amplified 
fragment of about 116 bp was obtained only for the susceptible 
strain (H.E.S. 4) but not for the resistant strain (Russia 6). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragment of about 116 bp 
were used as an index, it would be possible to determine the 
genotype of tested barley, whether it is resistant or susceptible, 
with regard to the allele of the 4H chromosome gene locus 
involved in barley resistance to yellow mosaic disease. 
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[Example 3: Detection of Genetic Marker FEgggMcaa585] 
The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 38) and 
selective primer for Msel (base sequence of SEQ ID NO: 37). 
(Results) 

Figure 13 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 13, the leftmost and rightmost lanes show size markers. 
The second lane from the left shows the result of AFLP detection 
on Russia 6, which is a barley variety resistant to yellow mosaic 
disease. The third lane from the left is the result of AFLP 
detection on H.E.S. 4, which is a barley variety susceptible to 
yellow mosaic disease. The other lanes are the results of AFLP 
detection on the RI1 population of inbred lines (RI lines) 
obtained from the cross between Russia 6 and H.E.S. 4. 

The results shown in Figure 13 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Russia 6) and the susceptible strain (H.E.S. 
4). The fragment length was 0 bp for the resistant strain (Russia 
6), and about 585 bp for the susceptible strain (H.E.S. 4) 
(indicated by arrow in Figure 13). In other words, the amplified 
fragment of about 585 bp was obtained only for the susceptible 
strain (H.E.S. 4) but not for the resistant strain (Russia 6). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragment of about 585 bp 
were used as an index, it would be possible to determine the 
genotype of the tested barley, whether it is resistant or 
susceptible, with regard to the allele of the 4H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. 

[Example 4: Detection of Genetic Marker MEcatMagc467] 



- 77 - 

The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 40) and 
selective primer for Msel (base sequence of SEQ ID NO: 39). 

(Results) 

Figure 14 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 14, the leftmost lane shows a size marker. The second 
lane from the left shows the result of AFLP detection on Russia 
6, which is a barley variety resistant to yellow mosaic disease. 
The third lane from the left is the result of AFLP detection on 
H.E.S. 4, which is a barley variety susceptible to yellow mosaic 
disease. The other lanes are the results of AFLP detection on the 
RI1 population of inbred lines (RI lines) obtained from the cross 
between Russia 6 and H.E.S. 4. 

The results shown in Figure 14 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Russia 6) and the susceptible strain (H.E.S. 
4). The fragment length was 0 bp for the susceptible strain 
(H.E.S. 4) and about 467 bp for the resistant strain (Russia 6) 
(indicated by arrow in Figure 14). In other words, the amplified 
fragment of about 467 bp was obtained only for the resistant 
strain (Russia 6) but not for the susceptible strain (H.E.S. 4). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragment of about 467 bp 
were used as an index, it would be possible to determine the 
genotype of the tested barley, whether it is resistant or 
susceptible, with regard to the allele of the 4H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. 

[Example 5: Detection of Genetic Marker MEataMatg396] 
The methodology of Example 2 was used except that the 
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amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 42) and 
selective primer for Msel (base sequence of SEQ ID NO: 41). 
(Results) 

Figure 15 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 15, the leftmost two lanes and the rightmost two lanes 
show size markers. The third lane from the left shows the result 
of AFLP detection on Russia 6, which is a barley variety 
resistant to yellow mosaic disease. The fourth lane from the left 
is the result of AFLP detection on H.E.S. 4, which is a barley 
variety susceptible to yellow mosaic disease. The electrophoretic 
image of these results is not clearly shown in Figure 15, 
however. The other lanes are the results of AFLP detection on 
the RI1 population of inbred lines (RI lines) obtained from the 
cross between Russia 6 and H.E.S. 4. 

The results shown in Figure 15 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Russia 6) and the susceptible strain (H.E.S. 
4). The fragment length was 0 bp for the susceptible strain 
(H.E.S. 4) and about 396 bp for the resistant strain (Russia 6) 
(indicated by arrow in Figure 15). In other words, the amplified 
fragment of about 396 bp was obtained only for the resistant 
strain (Russia 6) but not for the susceptible strain (H.E.S. 4). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragment of about 396 bp 
were used as an index, it would be possible to determine the 
genotype of the tested barley, whether it is resistant or 
susceptible, with regard to the allele of the 4H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. 

[Example 6: Detection of Genetic Marker MMattEacgl62] 
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The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 30) and 
selective primer for Msel (base sequence of SEQ ID NO: 29). 

(Results) 

Figure 16 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 16, the leftmost lane and the rightmost two lanes show 
size markers. The second lane from the left shows the result of 
AFLP detection on Harbin 2 -row, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result of AFLP detection on Turkey 6, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results of AFLP detection on the RI2 population of inbred 
lines (RI lines) obtained from the cross between Harbin 2-row 
and Turkey 6. 

The results shown in Figure 16 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Harbin 2-row) and the susceptible strain 
(Turkey 6). The fragment length was about 162 bp for the 
resistant strain (Harbin 2-row) (indicated by arrow PI in Figure 
16) and about 170 bp for the susceptible strain (Turkey 6) 
(indicated by arrow P2 in Figure 16). In other words, the 
amplified fragment of about 162 bp was obtained only for the 
resistant strain (Harbin 2-row), and the amplified fragment of 
about 170 bp was obtained only for the susceptible strain 
(Turkey 6). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 162 bp 
and about 170 bp were used as indices, it would be possible to 
determine the genotype of the tested barley, whether it is 
resistant or susceptible, with regard to the allele of the 3H 
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chromosome gene locus involved in barley resistance to yellow 
mosaic disease. 

[Example 7: Detection of Genetic Marker FMataEgga33 1] 
The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 32) and 
selective primer for Msel (base sequence of SEQ ID NO: 31). 
(Results) 

Figure 17 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 17, the leftmost lane and the rightmost two lanes show 
size markers. The second lane from the left shows the result of 
AFLP detection on Harbin 2 -row, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result of AFLP detection on Turkey 6, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results of AFLP detection on the RI2 population of inbred 
lines (RI lines) obtained from the cross between Harbin 2-row 
and Turkey 6. 

The results shown in Figure 17 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Harbin 2-row) and the susceptible strain 
(Turkey 6). The fragment length was about 331 bp for the 
susceptible strain (Turkey 6) (indicated by arrow in Figure 16), 
and 0 bp for the resistant strain (Harbin 2-row). In other words, 
the amplified fragment of about 331 bp was obtained only for 
the susceptible strain (Turkey 6) but not for the resistant strain 
(Harbin 2-row). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 33 1 bp 
as an index, it would be possible to determine the genotype of 
the tested barley, whether it is resistant or susceptible, with 
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regard to the allele of the 3H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

[Example 8: Detection of Genetic Marker FMacgEgat88] 
The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 44) and 
selective primer for Msel (base sequence of SEQ ID NO: 43). 
(Results) 

Figure 18 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 18, the leftmost lane and the rightmost two lanes show 
size markers. The second lane from the left shows the result of 
AFLP detection on Harbin 2-row, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result of AFLP detection on Turkey 6, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results of AFLP detection on the RI2 population of inbred 
lines (RI lines) obtained from the cross between Harbin 2-row 
and Turkey 6. 

The results shown in Figure 18 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Harbin 2-row) and the susceptible strain 
(Turkey 6). The fragment length was 0 bp for the resistant 
strain (Harbin 2-row), and about 88 bp for the susceptible 
strain (Turkey 6) (indicated by arrow in Figure 18). In other 
words, the amplified fragment of about 88 bp was obtained only 
for the susceptible strain (Turkey 6) but not for the resistant 
strain (Harbin 2-row). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 88 bp 
as an index, it would be possible to determine the genotype of 
the tested barley, whether it is resistant or susceptible, with 
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regard to the allele of the 5H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

[Example 9: Detection of Genetic Marker MMacgEgga74] 
The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 46) and 
selective primer for Msel (base sequence of SEQ ID NO: 45). 
(Results) 

Figure 19 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 19, the leftmost lane and the rightmost two lanes show 
size markers. The second lane from the left shows the result of 
AFLP detection on Harbin 2-row, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result of AFLP detection on Turkey 6, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results of AFLP detection on the RI2 population of inbred 
lines (RI lines) obtained from the cross between Harbin 2-row 
and Turkey 6. 

The results shown in Figure 19 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the resistant strain (Harbin 2-row) and the susceptible strain 
(Turkey 6). The fragment length was about 74 bp for the 
resistant strain (Harbin 2-row) (indicated by arrow in Figure 19), 
and 0 bp for the susceptible strain (Turkey 6). In other words, 
the amplified fragment of about 74 bp was obtained only for the 
resistant strain (Harbin 2-row) but not for the susceptible strain 
(Turkey 6) . 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 74 bp 
as an index, it would be possible to determine the genotype of 
the tested barley, whether it is resistant or susceptible, with 
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regard to the allele of the 5H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

[Example 10: Detection of Genetic Marker FMaccEacg402] 
The methodology of Example 2 was used except that the 
amplification reaction (final amplification) was performed with 
selective primer for EcoPI (base sequence of SEQ ID NO: 26) and 
selective primer for Msel (base sequence of SEQ ID NO: 25). 
(Results) 

Figure 20 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 20, the leftmost lane and the rightmost two lanes show 
size markers. The second lane from the left shows the result of 
AFLP detection on Harbin 2 -row, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result of AFLP detection on Turkey 6, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results of AFLP detection on the RI2 population of inbred 
lines (RI lines) obtained from the cross between Harbin 2-row 
and Turkey 6. 

The results shown in Figure 20 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the susceptible strain (Harbin 2-row) and the resistant strain 
(Turkey 6). The fragment length was 0 bp for the susceptible 
strain (Harbin 2-row), and about 402 bp for the resistant strain 
(Turkey 6) (indicated by arrow in Figure 20). In other words, the 
amplified fragment of about 402 bp was obtained only for the 
resistant strain (Turkey 6) but not for the susceptible strain 
(Harbin 2-row). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 402 bp 
were used as an index, it would be possible to determine the 
genotype of the tested barley, whether it is resistant or 
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susceptible, with regard to the allele of the 2H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of Turkey 6, 
which is a variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic marker, Harbin 2-row is the 
susceptible strain, and Turkey 6 is the resistant strain. 

[Example 1 1 : Detection of Genetic Marker HVM36] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 27 and 28, using the 
genomic DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 3 minutes; 10 cycles consisting of 94°C 
for 1 minute, 64°C for 1 minute (with the temperature lowered 
by 1°C in each cycle), and 72°C for 1 minute; 30 cycles 
consisting of 94°C for 1 minute, 55°C for 1 minute, and 72°C 
for 1 minute; and one cycle consisting of 72°C for 5 minutes. 

(Results) 

Figure 21 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. In 
Figure 21, the leftmost lane shows the result of AFLP detection 
on Turkey 6, which is a barley variety susceptible to yellow 
mosaic disease. The rightmost lane is the result of AFLP 
detection on Harbin 2-row, which is a barley variety resistant to 
yellow mosaic disease. The other lanes are the results of AFLP 
detection on the RI2 population of inbred lines (RI lines) 
obtained from the cross between Harbin 2-row (resistant) and 
Turkey 6 (susceptible). 

The results shown in Figure 2 1 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
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the susceptible strain (Harbin 2 -row) and the resistant strain 
(Turkey 6). The fragment length was about 60 bp to 30 bp for 
the susceptible strain (Harbin 2-row) the second lane from the 
left, indicated by arrow PI in Figure 21), and about 90 bp to 60 
bp for the resistant strain (Turkey 6) (the leftmost lane, 
indicated by arrow P2 in Figure 21). 

Thus, if AFLP were detected in the tested barley and the 
presence or absence of the amplified fragments of about 60 bp 
to 30 bp, or about 90 bp to 60 bp were used as an index, it 
would be possible to determine the genotype of the tested barley, 
whether it is resistant or susceptible, with regard to the allele of 
the 2H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of Turkey 6, 
which is a variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic markers, Harbin 2-row is the 
susceptible strain, and Turkey 6 is the resistant strain. 

[Example 12: Detection of Genetic Marker k00256] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 1 and 2, using the genomic 
DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U PstI (TAKARA BIO 
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INC.). 

(Results) 

Figure 22 shows the result of electrophoresis performed 
on amplified fragments after the restriction enzyme treatment. 
The upper part of Figure 22 shows amplified fragments of 
Haruna Nijo, H602, Fl cross between Haruna Nijo and H602, 
and lines 1 through 45 of the DH population, in this order from 
the left. The lower part of Figure 4 shows amplified fragments of 
lines of 46 through 93 of the DH population, in this order from 
the left (except for the molecular weight marker). The leftmost 
lane in the upper part of Figure 22 shows the result for the 
amplified fragment of Haruna Nijo, which is a barley variety 
resistant to yellow mosaic disease. The second lane from the left 
in the upper part of Figure 22 is the result for the amplified 
fragment of H602, which is a barley variety susceptible to yellow 
mosaic disease. Further, in the upper part of Figure 22, the 
third lane from the left is the result for the amplified fragment 
of the Fl hybrids. The other lanes are the results for the 
amplified fragments of the DHHS population of double haploid 
line (DH line) grown from the cross between Haruna Nijo and 
H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (PstI) shows different digestion patterns. The results 
shown in Figure 22 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
susceptible strain (Haruna Nijo) and the resistant strain (H602). 
The fragment length was about 362 bp for Haruna Nijo 
(indicated by arrow PI in Figure 22), and about 156 bp and 
about 206 bp for H602 (indicated by arrow P2 in Figure 22). 
Thus, if the pattern of digested fragment were used as an index, 
it would be possible to determine the genotype of the tested 
barley, whether it is resistant or susceptible, with regard to the 
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allele of the 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

As noted above, the genetic marker is linked to the gene 
locus involved in the yellow mosaic disease resistance of H602, 
which is a variety susceptible to yellow mosaic disease. Thus, in 
the detection of the genetic marker, Haruna Nijo is the 
susceptible strain, and H602 is the resistant strain. 

[Example 13: Detection of Genetic Marker k02948] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 3 and 4, using the genomic 
DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

(Results) 

Figure 4 shows the result of electrophoresis performed on 
the amplified fragments of the amplification reaction. In the 
upper part and lower part of Figure 4, the both ends are 
molecular weight markers. The upper part of Figure 4 shows 
amplified fragments of Haruna Nijo, H602, Fl cross between 
Haruna Nijo and H602, and lines 1 through 45 of the DH 
population, in this order from the left (except for the molecular 
weight marker). The lower part of Figure 4 shows amplified 
fragments of lines 46 through 93 of the DH population, in this 
order from the left (except for the molecular weight marker). As 
can be seen from Figure 4, if the size of the amplified fragments 
were checked, it would be possible to determine the genotype of 
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the tested barley, whether it is resistant or susceptible, in 
regard to the allele of the 1H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

The results shown in Figure 4 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the susceptible strain (Haruna Nijo) and the resistant strain 
(H602). The fragment length was about 389 bp for the 
susceptible strain (Haruna Nijo) (indicated by arrow PI in 
Figure 4), and about 358 bp for the resistant strain (H602) 
(indicated by arrow P2 in Figure 4). 

Thus, if the foregoing detecting procedures were performed 
on the tested barley and the presence or absence of the 
amplified fragments of about 389 bp or about 358 bp were used 
as an index, it would be possible to determine the genotype of 
the tested barley, whether it is resistant or susceptible, with 
regard to the allele of the 1H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of H602, which 
is a variety susceptible to yellow mosaic disease. Thus, in the 
detection of the genetic marker, Haruna Nijo is the susceptible 
strain, and H602 is the resistant strain. 

[Example 14: Detection of Genetic Marker k03861] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 19 and 20, using the 
genomic DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
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72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

(Results) 

Figure 23 shows the result of electrophoresis performed 
on the amplified fragments of the amplification reaction. The 
leftmost and rightmost lane are molecular weight markers. The 
third lane from the left shows the result for the amplified 
fragment of Haruna Nijo, which is a barley variety resistant to 
yellow mosaic disease. The fourth lane from the left is the result 
for the amplified fragment of H602, which is a barley variety 
susceptible to yellow mosaic disease. The other lanes are the 
results for the amplified fragments of the DHHS population of 
double haploid line (DH line) grown from the cross between 
Haruna Nijo and H602. 

The results shown in Figure 23 revealed that the amplified 
fragments obtained by the foregoing procedures were from both 
the susceptible strain (Haruna Nijo) and the resistant strain 
(H602). The fragment length was about 379 bp for the 
susceptible strain (Haruna Nijo) (indicated by arrow PI in 
Figure 23), and about 353 bp for the resistant strain (H602) 
(indicated by arrow P2 in Figure 23). 

Thus, if the foregoing detecting procedures were performed 
on the tested barley and the presence or absence of the 
amplified fragments of about 379 bp or about 353 bp were used 
as an index, it would be possible to determine the genotype of 
the tested barley, whether it is resistant or susceptible, with 
regard to the allele of the 1H chromosome gene locus involved 
in barley resistance to yellow mosaic disease. 

Note that, the genetic marker is linked to the gene locus 
involved in the yellow mosaic disease resistance of H602, which 
is a variety susceptible to yellow mosaic disease. Thus, in the 
detection of the genetic marker, Haruna Nijo is the susceptible 
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strain, and H602 is the resistant strain. 

[Example 15: Detection of Genetic Marker k03616] 
(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 21 and 22, using the 
genomic DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U Mbol (TAKARA BIO 
INC.). 

(Results) 

Figure 24 shows the result of electrophoresis performed 
on amplified fragments after the restriction enzyme treatment. 
In Figure 24, the leftmost and rightmost lanes are molecular 
weight markers. The second lane from the left is the result for 
the amplified fragment of Haruna Nijo, which is a barley variety 
resistant to yellow mosaic disease. The third lane from the left 
is the result from the amplified fragment of H602, which is a 
barley variety susceptible to yellow mosaic disease. The other 
lanes are the results for the amplified fragments of the DHHS 
population of double haploid line (DH line) grown from the cross 
between Haruna Nijo and H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (Mbol) shows different digestion patterns. The results 
shown in Figure 24 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
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resistant strain (Haruna Nijo) and the susceptible strain (H602). 
The fragment length was about 323 bp, about 155 bp, about 
135 bp, about 85 bp, about 79 bp, and about 50 bp for Haruna 
Nijo (indicated by arrow PI in Figure 24), and about 172 bp, 
about 155 bp, about 151 bp, about 135 bp, about 85 bp, about 
79 bp, and about 50 bp for H602 (indicated by arrow P2 in 
Figure 24). It should be noted here that the amplified fragments 
of about 172 bp, about 155 bp, and about 151 bp for H602 may 
overlap one another if the resolution of electrophoresis is low. 

Thus, if the pattern of digested fragment were used as an 
index, it would be possible to determine the genotype of the 
tested barley, whether it is resistant or susceptible, with regard 
to the allele of the 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

[Example 16: Detection of Genetic Marker k02325] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 23 and 24, using the 
genomic DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U HapII (TAKARA BIO 
INC.). 

(Results) 

Figure 25 shows the result of electrophoresis performed 
on amplified fragments after the restriction enzyme treatment. 
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In Figure 25, the leftmost lane is the result for the amplified 
fragment of Haruna Nijo, which is a barley variety resistant to 
yellow mosaic disease. The second lane from the left is the 
result from the amplified fragment of H602, which is a barley 
variety susceptible to yellow mosaic disease. The third lane from 
the left is the result for the amplified fragment of Fl hybrids of 
Haruna Nijo and H602. The other lanes are the results for the 
amplified fragments of the DHHS population of double haploid 
line (DH line) grown from the cross between Haruna Nijo and 
H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (HapII) shows different digestion patterns. The results 
shown in Figure 25 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
resistant strain (Haruna Nijo) and the susceptible strain (H602). 
The fragment length was about 153 bp, about 145 bp, about 57 
bp, about 56 bp, and about 36 bp for Haruna Nijo (indicated by 
arrow PI in Figure 25), and about 353 bp and about 94 bp for 
H602 (indicated by arrow P2 in Figure 25). It should be noted 
here that the amplified fragments of about 153 bp and about 
145 bp for Haruna Nijo, and about 57 bp, about 56, and about 
36 bp for Haruna Nijo may overlap one another if the resolution 
of electrophoresis is low. 

Thus, if the pattern of digested fragment were used as an 
index, it would be possible to determine the genotype of the 
tested barley, whether it is resistant or susceptible, with regard 
to the allele of the 1H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

[Example 17: Detection of Genetic Marker k00169] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 7 and 8, using the genomic 
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DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U Alul (TAKARA BIO 
INC.). 

(Results) 

Figure 26 shows the result of electrophoresis performed 
on amplified fragments after the restriction enzyme treatment. 
In Figure 26, the leftmost lane is the result for the amplified 
fragment of Haruna Nijo, which is a barley variety resistant to 
yellow mosaic disease. The second lane from the left is the 
result from the amplified fragment of H602, which is a barley 
variety susceptible to yellow mosaic disease. The other lanes are 
the results for the amplified fragments of the DHHS population 
of double haploid line (DH line) grown from the cross between 
Haruna Nijo and H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (Alul) shows different digestion patterns. The results 
shown in Figure 26 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
resistant strain (Haruna Nijo) and the susceptible strain (H602). 
The fragment length was about 245 bp and about 215 bp for 
Haruna Nijo (indicated by arrow PI in Figure 26), and about 
215 bp, about 165 bp, and about 80 bp for H602 (indicated by 
arrow P2 in Figure 26). It should be noted here that the 
amplified fragments of about 245 bp and about 215 bp for 
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Haruna Nijo may overlap one another if the resolution of 
electrophoresis is low. Thus, if the pattern of digested fragment 
were used as an index, it would be possible to determine the 
genotype of the tested barley, whether it is resistant or 
susceptible, with regard to the allele of the 3H chromosome 
gene locus involved in barley resistance to yellow mosaic 
disease. 

[Example 18: Detection of Genetic Marker k07966] 
(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 33 and 34, using the 
genomic DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U HapII (TAKARA BIO 
INC.). 

(Results) 

Figure 27 shows the result of electrophoresis performed 
on amplified fragments after the restriction enzyme treatment. 
In Figure 27, the leftmost lane is the result for the amplified 
fragment of Haruna Nijo, which is a barley variety resistant to 
yellow mosaic disease. The second lane from the left is the 
result from the amplified fragment of H602, which is a barley 
variety susceptible to yellow mosaic disease. The third lane from 
the left is the result for the Fl hybrids of Haruna Nijo and H602. 
The other lanes are the results for the amplified fragments of 
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the DHHS population of double haploid line (DH line) grown 
from the cross between Haruna Nijo and H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (Alul) shows different digestion patterns. The results 
shown in Figure 27 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
resistant strain (Haruna Nijo) and the susceptible strain (H602). 
The fragment length was about 350 bp and about 208 bp for 
Haruna Nijo (indicated by arrow PI in Figure 27), and about 
558 bp for H602 (indicated by arrow P2 in Figure 27). Thus, if 
the pattern of digested fragment were used as an index, it would 
be possible to determine the genotype of the tested barley, 
whether it is resistant or susceptible, with regard to the allele of 
the 3H chromosome gene locus involved in barley resistance to 
yellow mosaic disease. 

[Example 19: Detection of Genetic Marker k04143] 

(Method) 

An amplification reaction was performed with primers of 
the base sequences of SEQ ID NO: 5 and 6, using the genomic 
DNA of a tested barley as a template. The reaction was 
performed with the following cycling parameters: one cycle 
consisting of 94°C for 2 minutes; 5 cycles consisting of 94°C for 
30 seconds, 65°C for 30 seconds (with the temperature lowered 
by 1°C in each cycle), and 72°C for 2 minute; 35 cycles 
consisting of 94°C for 30 seconds, 60°C for 30 seconds, and 
72°C for 2 minute; and one cycle consisting of 72°C for 7 
minutes. 

The amplified products were digested with restriction 
enzyme at 37°C for 15 hours, using 1.6 U ApaLl (TAKARA BIO 
INC.). 

(Results) 

Figure 28 shows the result of electrophoresis performed 
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on amplified fragments after the restriction enzyme treatment. 
In Figure 28, the leftmost lane is the result for the amplified 
fragment of Haruna Nijo, which is a barley variety resistant to 
yellow mosaic disease. The second lane from the left is the 
result from the amplified fragment of H602, which is a barley 
variety susceptible to yellow mosaic disease. The third lane from 
the left is the result for the Fl hybrids of Haruna Nijo and H602. 
The other lanes are the results for the amplified fragments of 
the DHHS population of double haploid line (DH line) grown 
from the cross between Haruna Nijo and H602. 

Since the genetic marker is a CAPS marker, restriction 
enzyme (ApaLI) shows different digestion patterns. The results 
shown in Figure 28 revealed that the digested fragments 
obtained by the foregoing procedures were from both the 
resistant strain (Haruna Nijo) and the susceptible strain (H602). 
The fragment length was about 371 bp for Haruna Nijo 
(indicated by arrow PI in Figure 28), and about 228 bp and 
about 143 bp for H602 (indicated by arrow P2 in Figure 28). 
Thus, if the pattern of digested fragment were used as an index, 
it would be possible to determine the genotype of the tested 
barley, whether it is resistant or susceptible, with regard to the 
allele of the 3H chromosome gene locus involved in barley 
resistance to yellow mosaic disease. 

INDUSTRIAL APPLICABILITY 

Genetic markers according to the present invention are 
applicable to breeding of yellow mosaic disease-resistant barley, 
or isolation of genes involved in yellow mosaic disease, for 
example. The genetic markers are therefore expected to greatly 
improve the efficiency of breeding. Further, the yellow mosaic 
disease-resistant barley produced with the genetic markers of 
the present invention can suppress problems caused by yellow 
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mosaic disease and therefore ensure good yield and good quality. 
The present invention is therefore generally applicable to a wide 
range of agricultural fields. The invention is also effective in 
food industry where barley is used as a raw material. 

SEQUENCE LISTING 
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